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PREPACE  TO  THE  FIRST  EDITION  OF 
VOLUME  II. 


The  appearance  of  the  second  volume  completes  this  "Text- 
book  of  Analytical  Chemistry."  I  had  intended  to  describe  only 
such  methods  as  I  had  found  satisfactory  from  my  own  experience, 
and  this  is  true  of  the  majority  of  the  processes.  A  few  of  them, 
however,  I  háve  not  yet  tested. 

For  painstaking  help  in  correcting  the  proof  I  am  greatly 
indebted  to  my  dear  wife  and  to  my  assistant,  O.  Brunner.  For 
most  of  the  drawings  ušed  in  making  the  illustrations  in  the  text 
I  háve  to  thank  Dr.  A.  Hill.  I  also  wish  to  express  my  sincere 
thanks  to  my  publisher,  Franz  Deuticke,  for  the  readiness  with 
which  he  pennitted  me  to  make  considerable  changes  thatwere 
made  necessary  as  a  result  of  researches  made  while  the  book 
was  in  press. 

I  renew  the  request  which  I  made  of  my  eolleagues  and  fellow- 
chemists  in  the  preface  to  the  first  volume,  to  kindly  inform  me 
of  any  errors  oř  omissions. 

F.  P.  Treadwell,  Ph.D. 

Zurich,  September,  1901. 
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PREFACE  TO  THE  SECOND  EDITION  OF 
VOLUME  II. 


The  arrangement  of  the  subject-matter  remains  the  samé 
as  in  the  first  edition.  On  account  of  numerous  requests  a  table 
for  the  calculation  of  analyses  as  well  as  tables  of  four-place  log- 
arithms  and  antilogarithms  háve  been  added.  The  latter  are 
those  compiled  by  Professor  G.  Quincke,  and  I  wish  at  this  pláce 
to  express  my  sincere  thanks  to  himfor  permitting  me  to  use  them. 

I  am  again  under  obligations  to  my  assistant,  O.  Brunner,  for 
his  help  in  correcting  proof  and  recalculating  the  tables. 

The  methods  designated  with  *  háve  not  been  tested  by  the 
author,  but  as  they  are  all  proposed  by  trustworthy  analysts, 
he  believes  that  he  can  recommend  them. 

F.  P.  Treadwell,  Ph.D. 

Zúrich,  October,  1902. 
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TRANSLATOIťS  NOTĚ. 


Tnis  translation  has  been  made  from  the  second  Germanr 
odition,  but  Professor  Treadwell  has  kindly  indicated  quitc  a 
number  of  changes  which  he  intends  to  make  in  the  third  edition. 
Since  it  has  been  my  aim  not  so  much  to  prepare  an  exact,  literal 
translation  as  to  publish  a  book  which  will  be  uscful  to  English- 
speaking  students,  I  am  under  great  obligations  to  several  of  my 
friends  and  colleagues  for  suggesting  certain  other  changes.  That 
part  of  the  proof  relating  to  Gravimetric  Analysis  has  been  care- 
fully  read  and  criticised  by  Professor  Henry  Fay,  that  relating 
to  Volumetric  Analysis  by  Professor  F.  Jewett  Moore,  and  Pro- 
fessor Augustus  H.  Gill  has  twice  read  the  chapter  on  Gas  Analysis. 
I  háve  also  received  valuable  assistance  in  reading  the  proof  from 
Messrs.  R.  S.  Williams,  F.  R.  Kneeland  and  J.  R.  Odell,  all  of  the 
Massachusetts  Institute  of  Technology.  I  am  indebted  to  Mr. 
A.  R.  Jackson,  of  Winthrop,  for  several  drawings. 

William  T.  Halu 
Massachusetts  Inrtitute  op  Technology, 
Apríl,  1904. 


TABLE  OF  CONTENTS. 


INTRODUCTION. 

PAOB 

Gravimetric  and  Volumetric  Analysis 1 

Direot  and  Indirect  Analysis    2 

The  Balance 7 

Testing  the  Weights 13 

Filtration  and  Washing  of  Preeipitates 16 

Drying  and  Burning  of  Precipitates 19 

Evaporation  of  Liquids 27 

Drying  of  Substances  in  a  Gas  Stream 30 

Preparation  of  the  Substance  for  Analysis 32 

Recrystallization 32 


PART  I. 
GRAVIMETRIC  DETERMINATION  OF  THE  METALS. 

Group  V  (Alkalies). 

Potassium 35 

Sodium 40 

Separation  of  Potassium  from  Sodium 40 

Lithium 49 

Separation  of  Lithium  from  Potassium  and  Sodium 49 

Ammonium 53 

Magnesium 60 

Separation  of  the  Alkalies  in  the  Presence  of  Magnesium 64 

Group  IV  (Alkaline  Earths). 

Calcium 65 

Strontium 67 

Barium 69 

Separation  of  Calcium  from  Magnesium  70 


ví:í  TABLE  OF  CONTENTS. 

PAQB 

Separation  of  Strontium  f rom  Magnesium 72 

Separation  of  Barium  from  Magnesium 73 

Separation  of  the  Alkaline  Earths  from  One  Another 73 

Group  III. 

Aluminium 75 

Iron 77 

Titanium 88 

Chromium 90 

Uranium 93 

Separation  of  Group  III  from  Group  IV 94, 119 

Separation  of  Iron  from  Aluminium 94 

Separation  of  Iron,  Aluminium,  and  Phosphoric  Acid 97 

Separation  of  Iron  from  Chromium  . ^ 99 

Separation  of  Aluminium  from  Chromium 100 

Separation  of  Iron  from  Titanium 100 

Separation  of  Aluminium  from  Titanium 102 

Separation  of  Uranium  from  Iron  and  Aluminium 104 

Manganese 104 

Nickel 111 

Cobalt 115 

Zinc 1 16 

Separation  of  Manganese,  Nickel,  Cobalt,  and  Zinc  from  the  Alkaline 

Earths 119 

Separation  of  the  Bivalent  from  the  Trivalent  Metals  of  the  Ammonium 

Sulphide  Group 121 

Separation  of  Zinc  from  Nickel,  Cobalt,  and  Manganese 125 

Separation  of  Manganese  from  Nickel  and  Cobalt 129 

Separation  of  Cobalt  from  Nickel , 130 

Group  II. 
(a)  Sulpho  Base*. 

Mercury 133 

Lead 137 

Bismuth 141 

Copper 144 

Cadmium 150 

Separation  of  Group  II  from  the  Preceding  Groupe. 153 

Analysis  of  Brass 153 

Separation  of  the  Membere  of  Group  II  from  One  Another. 155 

(6)  Sulpho  Acidtt. 

Arsenic 164 

Antimony 168 

Tin 172 


TABLE  OF  CONTENTS.  ix 

PAGI 

Separation  of  Araenic,  Antimony,  and  Tin  from  the  Members  of  the 

Ammonium  Sulphide  Group 177 

Separation  of  the  Sulpho  Acids  from  the  Sulpho  Bases 177 

Analysis  of  Bronzes ; . '.  178 

Separation  of  the  Sulpho  Acids  from  One  Another. .  • \ :.;':.'  181 

Analysis  of  Bearing  Metal V.  192 

Gold 195 

Platinum 206 

Separation  of  Gold  from  Platinum 208 

Analysis  of  Commercial  Platinum 210 

Selenium. 215 

Tellurium 217 

Separation  of  Selenium  and  Tellurium  from  the  Previous  Groups 217 

Separation  of  Selenium  from  Tellurium 219 

Molybdenům 221 

Tungsten 224 

Separation  of  Tungsten  from  Molybdenům 224 

Analysis  of  Wolframite 228 

Vanadium 230 

Separation  of  Vanadium  from  Arsenic  Acid 233 

Separation  of  Vanadium  from  Phosphoríc  Acid 234 

Separation  of  Vanadium  from  Molybdenům 235,  528 

Analysis  of  Vanadinite 235 

Determination  of  Vanadium  in  Iron  Ores  and  Rocks 237 

Group  I. 

Silver 240 

GRAVIMETRIC  DETERMINATION  OF  THE  METALLOIDS. 

Group  L* 

Hydrochloric  Acid 242 

Free  Chlorine 246 

Hydrobromic  Acid 251 

Free  Bromine 251 

Hydriodic  Acid 252 

Separation  of  the  Halogens  from  One  Another 253 

Free  lodine 254 

Hydrocyanic  Acid 259 

Determination  of  Hydrocyanic  Acid  in  the  Presence  of  the  Halogen 

Acids 261 

Sulphocyanic  Acid 261 

•  For  the  Divisioa  of  Acids  into  Groups  cf .  Vol.  I,  p.  243. 


X  TABLE  OF  CONTENTS. 

PAGB 

Determination  of  Sulphocyanic  Acid  in  the  Presence  of  Hydrocyanic 

Acid 263 

Determination  of  Suphocyanic  Acid  in  the  Presence  of  the  Halogen 

Acids 263 

Hydroferrocyanic  Acid 263 

Hydroferricyanic  Acid 265 

Hypochlorous  Acid. • • 265 

Group  II. 

Nitrous  Acid. 265 

Hydrosulphuric  Acid 268 

Acetic  Acid 288 

Cyanic  Acid 288 

Hypophosphorous  Acid 289 

Group  III. 

Sulphurous  Acid 290 

Selenious  and  Tellurous  Acids : 291 

Phosphorous  Acid 291 

Carbonic  Acid 292 

Carbon 313 

Elementary  Analysis 323 

Oxalic  Acid 336 

Boric  Acid 337 

Molybdic  Acid 341 

Tartaric  Acid 342 

Meta-  and  Pyrophosphoríc  Acids 342 

lodic  Acid 342 

Group  IV. 

Phosphoric  Acid 343 

Pltosphorus 349 

Separation  of  Phosphoric  Acid  from  the  Metals 355 

Thiosulphuric  Acid 357 

Group  V. 

Nitric  Acid 357 

Chloric  Acid 364 

Perchloric  Acid 366 

Group  VI 

Sulphuric  Acid 368 

Hydrofluoric  Acid 371 

Hydrofluosilicic  Acid. 381 


TABLE  OF  CONTENTS.  xi 

Group  VII. 

PAQR 

Silicic  Acid 383 

Analysis  of  Silicates 389 

Analysis  of  Chromíte 407 

PART  II. 

VOLUMETRIC  ANALYSI& 

Instruments  for  Measuring  Liquids , 412 

Acidimetry  and  Alkalimetry 426 

Indi  ca  tors 426 

Normál  Solutions 435 

Alkalimetric  Methods 444 

Acidimetríc  Methods 457 

OXIDATION  AND  REDUCTION  METHODS. 

Permanganate  Methods 477 

Iodimetry 505 

PRECIPITATION  METHODS. 

Determination  of  Silver 540 

Determination  of  the  Halogens 544 

Determination  of  Sulphuric  Acid 550 

Determination  of  Phosphoríc  Acid 551 

PART  III. 

GAS  ANALYSIS. 

Collection  and  Confinement  of  Gases 655 

Determination  oř  Carbon  Dioxide 567 

Determination  of  Ethylene 568 

Determination  of  Benzene 560 

Determination  of  Acetylene 571 

Determination  of  Oxygen 574 

Determination  of  Carbon  Monoxide 575 

Combustion 577 

Determination  of  Hydrogen 583 

Determination  of  Methane 5X6 

Analysis  of  Uluminating-gas 5S7 

Technical  Gas  Analysis 597 

Apparatus  of  Hempel.    598 


xii  TABLE  OF  CONTENTS. 

PAOR 

Apparatus  of  Oreat 604 

Apparatus  of  Bunte 606 

Analysis  of  Gases  which  are  Absorbed  by  Water 608 

Nitrous  Oxide 608 

Nitric  Oxide 610 

Carbon  Dioxide  in  Electrolytic  Chlorine 1 614 

Sulphur  Dioxide. .    618 

Ethylene 619 

Gas-volumetric  Methoda. 621 

Tables 628 


J 


QUANTITATIYE  ANALYSIS. 


INTRODUCTION. 

The  purpose  of  a  quantitative  analysis  is  to  determine  the 
quantity  of  the  constitucnts  present  iii  a  compound  oř  in  a  mix- 
ture.  The  methods  to  be  employed  depend  upon  the  nátuře  of 
the  substances  to  be  determined,  so  that  in  every  čase  a  qualitative 
analysis  should  precede  the  quantitative  one.  In  quantitative  analy- 
sis we  distinguish  two  essentially  different  methods  of  proceduře: 

I.     Gravimetric  Analysis  (Analysis  by  Weight). 
II.     Volumetric  Analysis  (Analysis  by  Volume). 

In  the  čase  of  gravimetric  analysis  we  separate  the  component 
to  be  determined  from  a  solution  in  the  form  of  an  insoluble  com- 
pound of  known  chemical  composition,  and  then  determine  the 
weight  of  this  compound;  from  this  we  can  calculate  the  amount 
of  the  substance  present. 

Suppose,  for  example,  that  we  háve  for  analysis  a  sample 
of  barium  chloride.  The  amount  of  barium  present  can  be 
determined  by  dissolving  a  wcighod  amount  of  the  chloride  in 
water,  precipitating  the  barium  from  the  solution  by  the  addi- 
tion  of  sulphuric  acid  and  weighing  the  insoluble  barium  sulphate 
formed. 

If  we  start  with  a  grams  of  barium  chloride  and  obtain  p  gramu 

of  barium  sulphate,  the  amount  of  barium  present  may  be  calcu* 

lated  as  follows: 

BaS()4:Ba  =  />:s 

Ba 
*  =  ^  ^n  •  p  -■  weight  of  barium  in  a  gm.  of  barium  chloride. 
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It  is,  however,  customary  to  express  the  results  in  percentages; 
therefore  in  this  čase  we  háve 

Ba 

a:Btóo;-^100:x 

100-Ba  p  ±  ,     . 

s=  i>  cwx  ,L=  per  cent.  barium. 
Bab04  a      ^ 

In  the  čase  of  volumetric  analysis  the  constituents  are  not 
weighed,  but  they  are  determined  by  measuring  the  amounts  of 
reagents  of  known  strength  which  react  with  them. 

Suppose  that  we  háve  a  sample  of  caustic  soda  which  contains 
some  sodium  chloride  as  an  impurity  and  that  we  desire  to  know  how 
much  caustic  soda  there  is  in  100  gms.  of  the  mixture.  A  portion 
of  the  substance  weighing  a  gms.  is  dissolved  in  water,  some  methyl 
orange  is  added  and  hydrochloric  acid  of  known  strength  is  then 
run  into  the  solution  from  a  burette  until  the  alkali  is  just 
neutralized,  this  point  being  reached  when  the  yellow  color  of 
the  solution  changes  to  pink.  If  t  c.c.  of  hydrochloric  acid 
were  necessary,  of  which  1  c.c.  contained  exactly  a  gms.  of 
HC1,  it  is  evident  that  to  neutralize  the  caustic  soda  contained 
in  a  gms.  of  the  mixture  a-t  gms.  of  HC1  were  ušed  up,  and  it 
follows: 

HCkNaOH  =<*•*:» 

«  =  -™q— a^=gms.  NaOH  inagms.  of  the  mixture;  in  100  gms. 

NaOH        ,     inn 
a:    Rri     a-ž  =  100;s 

100- NaOH. a  t  A  XT  ^„ 

z= íťtsí =  per  cent  NaOH. 

HCl-a  r 

We  will  first  consider 

A.    Gravimetric  Methods. 
These  are  divided  into 

(a)  Direct  Analyses. 

(b)  Indirect  Analyses. 

In  the  čase  of  a  direct  analysis  the  substance  to  be  determined 
is  separated  from  the  solution  in  the  form  of  an  insoluble  com- 
pound  and  weighed. 
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The  determinativu  <>f  barium  in  barium  chloride  was  an  example 
of  a  direct  a  nul  v 

The  indind  mtíhod  d&pendi  upan  (ks  Jací  thetí  when  two  &r  more 
sub  I   iřWKÉ   to  undergo  the  800)  d  tnatment  they  ez- 

perience  a  rcluturly  differmt  chatuje  of  wcight. 

For  example,  fuppose  that  WC  háve  a  mixture  of  the  chlorides 
of  soc  1  i  1 1 1 1 1  and  nf  |iutassium  and  desire  to  determine  tli*-  relative 
amounts  oř  each  of  the  two  substances  in  the  míxture.  For  this 
purpose  a  port  ion  of  the  míxture  (a  gms.)  is  weighed,  dissolved 
in  water,  the  chlorine  přeci  pita  teti  as  silver  chloride,  aiid  the 
wvight  of  the  latter  determined  (p  gms.).  From  these  data  it 
is  possible  to  caleulate  the  amount  of  sodium  chloride  and  of  potaš- 
síiuii  chloride  that  was  present  in  the  mixture. 

If  we  let  z  represent  the  amount  of  the  sodium  chloride,  y 
the  amount  of  the  potassium  chloride,  a  the  amount  of  silver 
chloride  formed  from  z  gms.  of  sodium  chloride,  and  {i  the 
amount  of  silver  chloride  formed  from  y  gms.  of  potassium 
chloride,  then 

NaCl    KC1 

X     +    y  =  a 

AgCJ     AgCl 
a    +    £  =  p. 

We  háve,  therefore,  two  equations  with  apparently  four  un- 
known  quantities,  but  a  and  /?  can  be  expressed  in  terms  of  x 
and  y: 

SAi'\:\irC\=x:a  KCkAgCUi,:/? 


a  = 


NaCl 


fi- 


K<"1 


-y 


( ,j  and  -Ežp  howevcr,  are  known  quantities;  they  are  simply 
[UOttents  "í  the  molecular  wcights  in  qtiestion. 


If  we  designate  by  m  the  fraction 


AgCl 
NaCl 


and  by  n  the  frao- 


Agd 

tion  -j^pp  we  háve 


35+  y  =a 
mx+ny=>p 
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and  from  this  we  can  calculate 

v—n-a        . 

x=J- and  y—a—x 

m—n  * 


oř 


1  n 

x= p a. 

m—n        m—n 


All  indirect  analyses  may  be  calculated  by  means  of  this  last 
generál  equation. 

In  the  above  example 

AgCl^HS^  AgCl_  143.38  _ 

m"NaCl    ^8^~2-4509'  n"  KC1  -^Í6^~L9220 
and 

m-n  =  0.52895 

If  these  values  are  substituted  in  the  above  equations  we 
obtain 

s=1.8905-p-3.6336-a 

Consequently,  in  order  to  determine  the  amount  of  sodium 
chloride  in  the  originál  mixture  it  is  only  necessary  to  determine 
the  values  a  and  p,  then  multiply  them  by  the  coefficients  3.6336 
and  1.8905  respectively,  and  subtract  the  last  product  from  the 
firat. 

Although  this  method  appears  so  simple  and  attractive  on  páper, 
impossible  values  are  often  obtained  in  practice,  so  that  it  is  always 
necessary  to  be  very  cautious  about  using  an  indirect  method. 

The  experimental  errors  which  are  unavoidable  in  such  an 
analysis  are  multiplied  by  the  value  of  the  coefficients;  thus  in 
the  above  čase  the  actual  error  in  the  determination  of  the  weight 
a  is  multiplied  by  3.63  .  . .  and  the  error  in  determining  the  weight 
of  the  silver  chloride  (p)  is  multiplied  by  1.89  .. . 

It  is  clear,  therefore,  that  an  indirect  analysis  becomes  more 
accurate  in  proportion  as  the  coefficients  are  small  and  when  the 
error  in  determining  a  and  p  is  slight. 

In  the  above  example  the  coefficients  are  relatively  small  and 
consequently  good  results  are  to  be  expected,  and  experiment 
shows  this  to  be  the  čase. 

Example :  A  mixture  weighing  0.5480  gm.  (a)  and  consisting  of 
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0.4966  gm.  sodium  chloride  (x)  and  0.0514  gm.  potassium  chloride 
(y)  yielded  1.3161  gm.  of  silver  chloride  (p),  but  from  the  values 
of  a  and  p  we  can  calculate  those  of  x  and  y: 

x=  1.8905- 1.3161  -3.6336-  0.5480 

=0.4969  gm.  sodium  chloride; 
y= 0.0511  gm.  potassium  chloride. 

The  calculated  values,  therefore,  show 

100.06  per  cent.  of  the  true  value  for  the  sodium  chloride,. 
99.41  per  cent.  of  the  true  value  for  the  potassium  chloride. 

Although  the  above  results  are  satisfactory,  it  must  be  borne' 
in  mind  that  the  above  analysis  was  carried  out  with  chemically 
pure  substances.  If  this  were  not  so,  as  is  usually  the  čase  iu 
practice,  the  results  would  be  far  less  accurate. 

The  samé  analysis  may  be  performed  in  a  much  more  simple 
manner  than  as  above  described,  by  weighing  the  mixture  of  the 
chlorides  in  a  platinum  crucible,  then  changing  them  to  sulphatcs 
(by  treatment  with  sulphuric  acid  and  evaporating  off  the  excess 
of  the  latter)  and  again  weighing.  In  this  čase  the  actual  experi- 
mental  error  is  almost  nothing  and  excellent  results  therefore 
might  be  expected. 

We  háve 

NaCl      KC1 
x    +    y  -  a 

Na,SO<    K,S04 
a     +    $   -  p 

Na,SQ4  ,     ň    K,S04 

^-UlflO-m    and     ^-L1686-» 

m-n- 0.0461 
Now 

(1)  x  +  y  =a 

(2)  mx+ny  =  p 
and 

(3)  x= p o. 
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Substituting  the  values  for  m  and  n  in  equation  (3  we  obtain 

x=21.547-p-25.181a. 

In  this  čase  the  coefficients  are  very  large,  so  that  the  analytical 
error  is  multiplied  enormously  in  the  calculation,  so  much  so  that 
it  is  impossible  to  obtain  even  approximate  values  except  when 
the  mixture  is  composed  of  about  equal  parts  of  the  two  chlorides. 
Example:  In  a  mixture  containing  about  equal  parts  of  the 
two  salts  there  was  found 

99.64  per  cent.  of  the  sodium  chloride  present; 
100.76  per  cent.  of  the  potassium  chloride  present. 

In  a  mixture  containing  considerable  sodium  chloride  and  little 
potassium  chloride  there  was  found 

(a)  95.0  per  cent.  of  the  sodium  chloride  present; 
148.0  per  cent.  of  the  potassium  chloride  present. 

(b)  96.8  per  cent.  of  the  sodium  chloride  present; 
129.9  per  cent.  of  the  potassium  chloride  present. 

The  values  obtained  are,  therefore,  worthless. 

In  the  čase  of  a  direct  analysis  the  small  unavoidable  errore 
exert  a  much  less  influence  upon  the  result,  so  that  a  direct  deter- 
mination  should  always  be  preferred. 

Ordy  in  those  cases  where  a  direct  method  is  unknown  should  one 
resort  to  an  indirect  analysis! 

Operations. 

The  principál  operations  of  quantitative  analysis  are  those 
of  weighing,  filtration,  and  the  washing,  drying,  and  ignition  of 
precipitates. 

Weighing. 

The  balance,  as  ušed  for  purposes  of  quantitative  chemical 
analysis,  is  shown  in  Fig.  1. 

It  consists  of  a  horizontál  lever  with  two  arms  of  equal 
length,  and  in  order  to  be  serviceable  it  must  be  accurate  and 
sensitiv: . 

It  fulfils  the  first  condition  if 

(1)  The  arms  of  the  lever  are  equally  long; 
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(2)  The  point  of  support  (the  fulmim)  líes  above  the  centre 
of  gravit 

(:í)  The  fulmnn  (a  knife-edge)  and  the  knife-edgeoihmi  which 
the  pan  - Ir-d  lir  in   the  sainc  plane   mul  are   paralkl 

to  one  another, 

The  balance  18  more  sensitive  the  greatcr  the  displaroment 
of  the  poeition  of  equiKbriun]  taougbt  about  by  the  addition  of 
a  small  weight,  e.g.  one  milligrani. 


Ftcí,  i. 
The  Bontivenesa  may  be  capneenod  by  the  simple  formula: 


tan  a  *  = 


íj  .  d 


in  which  p  Ls  the  wcight  ftdded,  /  the  length  of  the  balance-arm, 
q  the  woiirlit  <»f  the  beam,  and  d  the  distance  betvreen  the  centre 
oj  gravity  and  the  point  of  support, 

The  leneitívenesfl  of  the  balance  \b  greater,  therefore,  the 
heavier  the  weight  added,  the  loriger  the  beáni,  the  lighter  the 
beam,  and  the  ahorter  the  distance  between  the  centre  of  gravity 
and  the  point  of  support. 

*  a  ta  the  anglc  through  which  ťhe  pointer  tnovee  on  the  additton  cf  the 
small  weight. 
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For  convenience  in  determining  the  position  of  the  balance, 
a  pointer  is  fastened  to  the  beam  which,  when  the  equilibrium  is 
established,  rests  at  the  zero  of  a  scale  on  an  ivory  plate  below. 

The  object  to  be  weighed  is  placed  upon  the  left  scale-pan  and 
the  weights  upon  the  right  pan;  the  beam  is  lowered  and  the 
balance  set  in  slight  motion,  by  producing,  with  the  hand,  a 
gentle  draft  of  air  upon  one  of  the  pans.  If  the  correct  weight 
has  been  added,  the  pointer  will  swing  to  the  samé  number 
of  scale  divisions  to  the  right  of  the  zero  that  it  does  to  the  left, 
provided  that  it  does  so  when  there  is  nothing  in  either 
scale-pan,  which  is  usually  not  the  čase.  It  is  to  be  noted  that 
when  the  zero-point  of  the  balance  (i.e.,  the  point  of  the  scale 
at  which  the  pointer  rests  when  the  balance  is  in  equilibrium 
with  nothing  in  either  scale-pan)  coincides  with  the  zero  of  the  scale, 
it  may  change  during  the  course  of  the  day,  so  that  disregard  of 
this  fact  may  lead  to  a  considerable  error. 

The  cause  of  the  displacement  of  the  zero-point  is  that  the 
first  condition  for  the  accuracy  of  a  balance  is  not  fulřilled.  On 
account  of  unequal  warming  the  arms  become  of  unequal  length. 

In  order  that  accurate  weighings  may  be  obtained,  it  is  necessary 
to  make  them  independent  of  any  inequality  in  the  lengths  of  the 
arms,  which  can  readily  be  doně,  as  the  following  consideration 
will  show.  In  the  čase  of  a  lever,  equilibrium  takés  pláce  when 
the  statical  moments  are  equal. 

By  statical  moment  is  understood  the  product  of  the  force 
into  the  length  of  the  lever-arm,  and  the  length  of  the  lever-arm 
is  the  perpendicular  distance  froni  the  axis  of  revolution  (the 
fulcrum)  to  the  line  of  action  of  the  force. 

If  an  object,  whose  weight  Q  (Fig.  2)  is  to  be  ascertained,  is 
placed  upon  the  left  balance-pan  and  equilibrium  is  established 
(the  pointer  rests  at  zero)  by  putting  weights  amounting  to  P 
gms.  in  the  right  balance-pan,  then 

(1)  Ql=Plv 

If  now  the  object  Q  is  placed  on  the  right-hand  balance-pan  and 
the  balance  again  brought  to  the  statě  of  equilibrium  by  placing 
weights  upon  the  left-hand  balance-pan,  in  this  čase  the  weights 
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will  not  as  a  rule  amount  to  P  gms..  but  to  Pl  gms.    Since,  how- 
ever,  equilibrium  has  been  reached,  we  háve 

(2)  Qh-PJ. 
7 JL 


M 


V 


fc±dht 


=fcl 


Fio.  2. 


If  equation  1  is  multiplied  by  equation  2,  we  obtain 
(Tl^-PJPUt 

Q=V1\P. 

The  true  weight  is  obtained.  therefore,  by  taking  the  geometrie 
mean  of  the  two  values.  For  practical  purposes,  however,  it  is 
sufficiently  accurate  to  také  the  arithmetical  mean,  in  which  čase 
the  true  weight  of  the  object  would  be: 

This  method  of  obtaining  the  true  weight  independent  of  the 
lengths  of  the  balance-arms  is  kno^n  as  that  of  double  weighing. 

The  samé  end  is  obtained  by  Borda's  method  of  substitution. 

According  to  this  method  the  object  to  be  weighed  (Q)  is  coun- 
terbalanced  (tared)  by  means  of  shot,  sand,  weights,  etc.,  the 
object  Q  is  then  removed  and  equilibrium  with  the  tare  is  again 
established  by  placing  weights  upon  the  scale-pan.  We  háve, 
then,  as  a  result  of  the  first  weighing. 


.Ql^Tk 
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and  from  the  second  weighing, 

from  which  it  follows: 

Ql=Pl 

Q=P. 

The  latter  method  is  ušed  chiefly  in  weighing  large  objects. 

For  ordinary  analytical  work  the  weighing  is  made  by  the 
method  of  swings. 

First  of  all  the  zero-point  of  the  balance  is  determined  by  setting 
the  balance  in  motion  (without  any  load  in  either  pan),  observing 

l /* 


M 


la 


Fig.  3.. 


and  recording  the  turning-points,  oř  extréme  positions,  of  the 
pointer  on  the  scale  of  an  uneven  number  of  swings  (say  five*) 
and  taking  the  niean  of  the  readings.  In  order  to  give  the  samé 
algebraic  sign  to  all  the  observed  readings  it  is  best  to  number 
the  divisions  on  the  scale  from  lef t  to  right  from  0  to  20  so  that  the 
zero-point  in  čase  both  balance-arms  were  of  equal  length  would 
be  numbered  10. 

The  next  thing  to  be  determined  is  the  sensitiveness  of  the 
balance  for  the  object  to  be  weighed.  For  this  purpose  the  object 
is  placed  in  the  left-hand  balance- pan,  and  by  placing  weights  in 
the  right-hand  pan  equilibrium  is  established  as  nearly  as  possible 

*  The  first  two  swings  are  inaccurate  on  account  of  the  jar  in  shutting 
the  balance-door,  etc.,  so  that  they  are  disregarded. 
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the  point  of  rest  of  the  pointer  on  the  scale  is  determined  as 
abuw  Au  addiťumal  weighi  of  1  nigm.  is  added,  oř  removfed  if 
the  object  was  too  light  before,  and  the  point  of  rest  is  ajjjain  deter- 
tnincd. 

The  difTerence  (rf)  bctween  this  and  the  previons  point  of 

pVBH  the  srnsitivfiios  of  the  balance.    Assumin^  the  zem- point  to 

)jp  at  io.22.  the  hrst  point  of  rest,  obtained  with  a  load  of  19.723 

be  ft1  B.80,  a  rul  the  point  of  rest  with  a  load  of  1  mgin.  less 

(i.e,,  with  a  load  of  18.722  gins-)  to  lie  at  12.32,  th«  :i  thr  sensitive- 

df  the  balance  will  amount  to  12.32  —  9.80—2.52  BO&le  divisiuns. 

As  the  zero-point  of  the  balance  was  at  10.22  and  the  point 
of  rest  with  a  load  of  19.723  gms.  was  9.80,  it  foDoWB  tliat  the 
objeftt  was  Hghter  than  the  weigbts  in  the  right-haiul  pan,  and 
in  faet  the  excess  of  weights  in  the  pán  was  mifficifsnt  to  inovc 
the  point  of  rest  10,22  —  9.80  =  0.42  divisiuns  on  the  Boáfe*     This 

Diint  can  be  calndated  from  the  determinativu  of  the  sensitive- 
ness  of  the  balance  as  follows; 

Sinre  2,52  of  the  scale  divisions  correspond  to  1  mgm.,  then  0.42 
of  the  scale  divisions  eorrapond  to  the  weigfri  which  touši  be  iub- 
tracted  from  19.723  gms,  in  urder  to  obtain  the  trne  weight;  there- 
U  ive 

2.52:1- 0.42:  x 


0  L2 
z^^-—r  =  0A7  mgm.,  oř  about  0.2  nigm. 


The  true  weight  of  the  body  in  air  is  eonsequently 

10.723  -  U 1X102  =  19.7228*  gms. 

In  makm-  a  weighing  one  should  alwavs  accustom  himself  to 

Thr  (ihsrrvatiuns  metla  >dicalh\  as  foll< 
Assume  that  :i  platinum  cmcible  is  to  be  weighed. 


♦  Aa  most  analvtiral   balances  will  ecarcely  detect  with  certaiaty  leai 
ii  ,'„  mgm.,  tlio  wciglil  is  oxprcssed  only  to  tbe  fourth  decimal.     If  the 

fift-h  decimal  ptače  in  a  caV  ulation amounts  tosixorraore,  tlienumber  in  Ihfl 

řourtb  decimal  pláce  \s  incxeaeed  one. 
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Zero- point. 

I.  Point  of  Rent  with  Load 
of  12.052  gms. 

11.  Point  of  Rert  with  Load 
of  12.053  gms. 

Left. 

Right. 

Left. 

Right. 

Left. 

Right. 

4.2 
4.6 
5.1 

17.6 
17.1 

5.8 
6.2 
6.6 

18.7 
18.3 

3.5 
3.8 
4.2 

15.8 
15.4 

Sum=13.9 
Mean  =  4.63 

34.7 
17.35 
4.63 

18.6 
6.2 

37.0 

18.5 

6.2 

11.5 
3.83 

31.2 
15.60 
3.83 

Sum  of  both  means =  21 .98 

24.7 
12.35 

19.43 

Mean                       — 10.99 

9.71 

Sensitiveness=  12.35—9.71  —  2.64  scale  divisions. 

12.35- 10.99=  1.36  scale  divisions. 

1.36  : 2.64=0.5  mgm. 

Weight  of  crucible=  12.052+0.0005  =  12.0525  gms. 

The  sensitiveness  of  a  balance  varies  slightly  with  the  load. 
It  is  simplest  to  determine  once  for  all  the  sensitiveness  for  50 
gms.,  20  gms.,  10  gms.,  5  gms.,  and  2  gms.,  pláce  a  card  in  the 
balance  with  the  results  obtained  and  use  the  numbers  as  required. 

In  this  way  the  sensitiveness  of  a  balance 


with  a  load  of 

was  found  to  equal 

50  gms. 

2.23  scale  divisions 

20     " 

2.28     "          " 

10     " 

2.64     " 

5     " 

2.66     "          " 

2     " 

2.66     "          " 

The  determination  of  the  zero- point,  however,  must  be  made 
with  every  weighing.  If  a  number  of  weights  are  to  be  made 
one  after  another  it  suffices  to  determine  the  zero-point  at  the 
beginning  and  at  the  end  and  to  use  the  mean  of  the  two  deter- 
minations.  In  čase  of  very  heavy  loads,  however,  the  zero-point 
should  be  determined  before  and  after  each  weighing  and  the 
mean  value  ušed. 
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Testing  of  Weights. 

Altbough  St  is  now  possible  to  huy  nearly  perfeet  weights,  vet 
their  aceuraey  Bbould  always  be  trstř.l. 

For  ahimst  all  anály  tieal  purposes  it  jjiatters  not  whether  the 
50  gm.  weight  weíghs  exactly  50  gms.,  but  it  u  essential  that  the 
mdtvulual  weights  represent  the  corresponding  relations  to  one 
another. 

In  most  sets  of  weights  the  folio  wing  are  found:  50  gin.,  20  gm,, 
10  gnut  10'  gin..,  5gm..  2gm.t  1  gm.,  l'gra.,  l"gmvi  0.5  gm.,  0.2  gm.f 
0.1  gm.,  0.1'  gm..  0.08  gřO.,  0.02  gm.,  0.01  gin.,  0.01'  gm.;  a  rider 
(weighing  either  10  or  12  mgms.  according  as  to  whether  the  bal- 
ance-arm  is  divit  led  into  10  or  12  equal  parts  between  the  fu  lením 
and  the  point  of  suspension  of  the  right-hand  balance-pan) ;  and 
usuallv  naaller  weights  weighing  5,  2,  1,  1,  1  mgms. 

Tlfc  weights  nmy  be  tested  in  the  following  manner:* 

The  assumptioii  is  iirst  made  that  the  sum  of  the  larger  weights 
is  equal  to  100  gms.  =  100,000  mgras..  and  the  weights  of  the  single 
pieces  obtained  by  the  method  of  double  weighing  are  compared 
with  one  another,  e.g. : 

50  gm,  wt,  against  20+  10+  10'+ 5+ 2+  1+  l'+  1" 

it  is  found : 

I^cft  Ripbt 

(1)  50gm.  +  0.31rngm.  =(20+10+10'+...) 

Left  Right 

(2)  (20+  10+ 10'+ .  .  .  )  =50  gm.  +  0.61  mgm. 

from  which  it  follows: 

0.31  mgm.  +  0.61  mgm.     _A 
50  gm.+ ^—^ 5 —  —50  gin. +  0.46  mgm, 


or 


-(20+10+10'+...) 


50  gm.  -  (20+  10+  10'+  .  .  .  )  -0.46  mgm. 


*  Kohlrausch,  Leitfaden  der  prakt.  Phys.,  V.  Auflage,  p.  34.    See  also  T. 
W.  Riehards,  Joum.  Am.  Cbem,  Soc.  (1900)  XXII.  144. 
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The  other  weights  are  compared  in  the  samé  way,  obtaining,  for 
example, 

50  gm.  =  (20+ 10+  H/+ .  • .)  gm.+ A  mgm. 
20  "    -  10+10'  +B    " 

W  "    =  10  +C    "     * 

(5+2+1+...)=  10  +D    " 

in  which  A,B,C,  and  D  may  be  either  positive  oř  negative. 

The  sum  of  the  weights  (50+20+10+10'+.  .  .)  was  assumed 
to  equal  100,000  mgm.,  and  with  the  help  of  the  preceding  equa- 
tions  each  weight  is  expressed  in  terms  of  the  10  gm.  weight;  then 

10Xl0+4+2£+4C+2D=(50+20+10+. . .)  -  100,000  mgm. 
and  the  10  gm.  weight  itself : 

io=io,coo--4+2gtft4C+2D. 

io  § 

„        .  .  _    A  +  2B+4C+2D    ..  .  .   . 

li  we  let  S= ijj ,  then  we  obtain 

10=10,000-5 
10'=  10,000  -S+C 
6+2+ 1+1'+ 1"=  10,000  -S  +  D 

20= 20,000 -2S+B+C 
60=  50,000-55+ A +B+2C+D 
=  60,000 +JA. 

The  sum  $A+B+2C+D— 5<S  should  equal  0,  which  serveš  as 
a  test  for  the  accuracy  of  the  observations. 

The  5  gm.  weight  is  now  compared  with  the  2+ 1+ 1'+ 1"  in 
exactly  the  samé  way,  with  the  result  that 

6=2+l+l'+l"+a 

2=1+1'  +6 

l'=l  +c 

1"=1  +d. 


*  It  is  well  to  mark  the  weights  of  the  samé  denomination  so  that  they 
may  be  distinguished  from  one  another. 
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5+2+1+1'+ 1"  =  10,000-S+ 2) 


consequently 
and 

If  we  let 


10Xl  +  a+26+4c+2d=10,000-Š+D 
n+36+4c+2cf+5-2) 


1  =  1000-- 


10 


a= rg ,  we  obtain 

1  =  1000-» 

i'-iooo-*+« 

i"-hxm-*+<í 

2  =  2000-2#+b+c 
5  =  5000-5«+o+ť>+ác+A 

In  the  samé  way  the  smaller  weigbts  are  tested  until  finally 
the  folio wing  correction  table  is  obtained, 

TABLE    FOR   CORRECTION   OF  WEIGHTS. 


50  -  50,000  +  4 A  mim. 
20  -20.000 -&S  +  B+C 
10  -10  000-S 
10'-IO000-S  +  C 


5+2  +  l  +  l'  +  l"- 
10 

-ÍÓ.O0O-"3  +  D 


0.5  ■  +  0.2  +0. i  +  0.1' 
+J»- 

t 

-1000-5  +  * 


0.1 

i-Too-y+# 


-10.000  -S  +  D 


5-fi000-5a  +  a+6  + 
+  2c+d 

I    :»<h»o    j*+6  +  ť 

i  -  umy  -  * 
r  -iooq  -i+e 
r-iooo-*+<* 


0.5  -5OO-5*'  +  0  + 

+  T  +  23+* 
0.2  -200- 2á' +7  +  * 
0.1  -100-*' 

0.i'-ioo-**+j 

J-100-ť  +  # 


0.05-5O-fi#"  +  f+ 

+  m  +  2n+o 
O.02-2O-2«"+fii+ii 
Q.GI-IO-#" 
0.0l'-l0-*'#+» 
Rider-t0-#"+* 


Sum-  100.000  mgm, 


10.000     $  *  0 


1000 -«+« 


10Q-V  +  * 


•  i -0.O5  +0  02  +0,01  +0.01  +  Rid«\     (Ridar-O.Qt  *m.) 

The  milligrani  weights  may  be  sUmdardifled  in  exartly  the  .samé 
manner.  ít  is  much  more  convenient,  however,  and  the  accur: 
attainetl  is  alnmst  exactly  the  sanje  if  in$tead  of  using  these  very 
small  weights  the  rider  is  hung  uion  the  whole  divisions  of  the 
bolance-arm  in  order  to  obtain  the  weight  in  milligrams;  for  the 
i{  the  fractiona  of  the  milligrani  it  is  better  to  calculate 
from  the  sensitiveness  of  the  balance. 


ÍNTRODUCTÍON. 

Thi  weighta  thould  nevěr  h  touched  mílk  the  fíngers.but  should 
aluhiys  be  liju*!  h?/  tneans  of  the  pmars  providvd  irith  each  tel.  Oné 
noihing  shotdd  be  flooedofí  OT  ftmovcd  frotn  the  hala nw-pans  tritii- 
out  arr&ting  the  tata  r&iting  the  wtechsfítíeol  supports  so 

that  lh  beom  W  iotHjiT  r&U  lípon  its  krajt -**hj<s. 

Filtration  and  Washing  of  Precipitates. 

How  large  should  the*nJter  be  and  how  many  times  should  the 
precipitate  l>e  washed? 

With  regftřd  bo  tfae  latter  quesiinn  it  is  evident  that  the  pre- 
cipitate should  be  washed  until  the  soluble  matter  te  completely 
removed.  It  is  clear,  however,  that  this  point  will  nevěr  be  reached 
because  a  part  of  the  solution  always  renmins  od  the  niter,  but  it 
is  not  difficult  to  make  the  amount  of  the  dissolved  substance 
remaining  so  small  as  to  be  negligible.  When  the  amount  of 
dissoJved  substance  remaining  on  the  filter  is  so  small  that  it  could 
not  bc  detected  by  our  balance,  we  consider  the  precipitate  to  be 
completely  washed. 

The  aim  should  be  not  only  to  remove  all  of  the  soluble  matter, 
but  to  accompfish  this  with  as  lit  tle  wash  water  as  possible. 

No  precipitate  is  absolutelv  insoluble,  so  that  it  is  clear  that 
every  unnecessary  excess  of  wash  water  causes  harrn  by  removing 
a  fraction  of  the  prcci pi ta to,  and  the  greater  the  excess  of  the  wash 
water  the  greater  the  amount  of  the  precipitate  diaaohred. 

The  amount  of  wash  water  to  be  ušed  depends  largely  upon 
the  nátuře  of  the  precipitate  itself.  Amorphous,  gelatinous  pre- 
cipitates ahvays  ret|uire  more  washing  than  erystallinc,  granula r 
*  As  a  rule,  it  may  \w  said  that  the  process  of  washing 
rinist  be  contimied  until  the  substance  which  is  being  washed 
Odll  ran  be  no  longer  detected  in  the  last  filtráte,  In  čase  the 
filtráte  must  be  ušed  fur  another  detennination,  it  is  obvioufl  that 
the  filtráte  should  not  be  tested  too  souri.  When  should  the 
filtráte  he  taetod? 

Let  Uí  Bflnxxne  the  niter  to  hold  10  c,c,  the  solution  to  drain 


♦Thtfreascm  why  »ome  precipitsiti  a  ro<g0foe  sum  washing  than  others 
i-  <lue  to  the  faei  that   I  irption  varies.     (Cf,  OstwaJd,  Die 

wiasenschaítl  GrundL  der  analyt.  Chem .,  p,  19.) 
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to  tho  last  drop  from  tlie  páper,  the  amoimt  df  tilů  snlution  helfl 
back  by  the  preelpitate  and  íilter  to  be  1  re.  and  to  runtain 
0.1  gm.  of  the  solid  BUbstaHO*  whirh  Ls  to  be  remnved  by  wash- 
ing. 

The  filter  is  filled  to  the  upper  edge  with  wa>h  water  and 
allowed  to  drain  to  the  last  drop  n  times.  untíl  not  more  than 
5/100  mgm.  of  the  substance  to  be  removed  by  washing  remains. 

According  to  our  assurnptinn.  9  CO.  drain  ofí  and  1  c.c.  remains 
behind;  we  háve  Donaequently: 


Eteaaoved  by  tta 

Ist  washing,  0.1  0/10  gm. 

2d  ai-g/10  1/lOgra. 

3d        "         0.1  •  9/10- (l/10)!gm. 


There  remains  after  the 
lat  washing  OJ  ■  1/10  gin. 
2d        f<        0.1.1/10.1/10  gra. 
3d        "        0.1*l/10-(l/10)»gm. 


nth 


0.1- 9/10.  (l/10)n-l  gra.    nth 


0.1*1/10*  (l/10)n-  igm. 


After  washing  n  times,  there  fóre,  the  amount  removed  by 
washing  is  the  sum  of  the  deereasing  geometrie  series  of  which  the 
ťirst  term  is  0.1  9/10  and  the  cmstant  factor  is  1/10. 

In  čase  n  =  4,  the  sum  of  the  series  is 


0.1 


1= 


9_ 
10 


[$'->] 


ž-> 


<  0.09999  gm. 


After  washing  the  přeci  pit  atefour  times,  therefore,  0,09999  gm. 
of  the  impurity  has  been  removed  AtOOQffldfag  to  the  aam&iptiOD 
that  there  was  originally  0.1  gm.  of  this  substance,  there  remani- 

ihe  precipitate  only  0.00001  gm.f  or  in  other  words  a  negligíbli- 
amoiint. 

lently,  the  filtráte  should  be  tostod  qualitatively  for 
the  substance  to  be  removed  only  after  the  precipita>  beeo 

washed  four  times. 

often  the  washing  will  be  found  to  háve  beencomplete  after  the 
fourthw&ahing,  b  rule  this  will  n<>t  be  the  čase, and  in  many 

cases  it  will  be  found  necessary  to  repeat  the  opera  tion  for  from 
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to  thirty  thnes.     In   the  processes  which  are  described 
amount  of  washing  necessary  will  be  stated  in  each  individua] 
čase. 

Now  with  regard  to  the  second  point,  how  should  a  precipitate 
be  washed  with  the  least  possible  amoutit  of  wash  water?  Accord- 
ing  to  the  above  consideration  it  ifl  neressary  to  wash  every  pře- 
ci pita  to  at  least  four  times.  in  which  čase  the  filter  should  be  en« 
tiroly  filled  each  time,  and  it  is  evklent  that  the  size  of  the  filter- 
paper  will  influence  the  amount  of  wash  water  ušed. 

The  filter,  therefore,  should  be  inade  as  small  as  possible, 
irrespective  as  to  whether  there  is  little  oř  much  liquid  to  filter. 
The  sizc  of  the  filter  ušed  should  be  regulated  entirehf  by  the  amount 
of  the  precipitate  and  mrt  al  alt  by  the  amount  of  the  liquid  to  be  fil- 
tered.  The  mistake  should  not  be  made,  however,  of  using  too 
sinali  a  filter,  The  precipitate  should  nevěr  reach  the  upper 
edge  of  the  pápery  about  6  mm.  should  remain  free,  and  even  in 
tliis  čase  the  filter  should  not  be  so  comp  letěly  filled  as  in  Fig.  4,  a. 


w  y 


Fig.  4. 

It  is  better  to  háve  the  filter  filled  about  as  much  as  is  shown  in 
Fig.  4,  bt  in  order  that  Buffioient  room  is  left  for  the  wash  water. 

The  use  of  too  large  filters  is  one  of  the  inexcusable  ana- 
lytical  errors. 
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The  Drying  and  Burning  of  Precipitates. 

Refnre  u  precápitate  cm  be  ireighad  it  musí  be  ahsolutely  dry. 
Those  precipitates  whirh  do  not  undergo  a  change  of  weight  on 
ignition  are  treated  as  fottoWB: 


1'KKripiTATi:  IS  IGXITED  DRY. 

Thís  method,  ÍO  whirh  the  precipitate  ifl  separated  from  the 
filter,  the  niter  burnt  by  itself,  the  Báb  ftdded  to  lbe  main  part 
of    the   precipitate    and    the    mixtiire    thcn    ignited    to    eunstant 

ight,  is  itsed  in  thoee  caaee  when  the  ignited  substance  will  be 
rcdueed  by  the  burning  páper,  e.g,,  in  the  čase  of  precipitates  of 
silver  chloride,  lead  sulphate,  btSHUltb  oxide,  etc, 

In  ordcr  to  perform  thís  operát tOD  it  is  hrst  necessary  that  the 

1  t  and  precipitate  ehould  be  eompletely  dried  at  100°  C,  Foff 
thifl  purpose  the  funnel  tt*>ntaining  the  filter  ie  earefully  covered 

tfa  a  piece  of  filter-paper  *  placed  in  a  drying-ctoeet  (preferably 
that  is  heateíl  bv  Meani)  and  dried  at    100°  C.     When  per- 
ly diy,  a  weighed  eruethle  ie  pbtoed  npon  a  piece  of  glazed 
páper  of  about  20  stp  cm.  (Fig.  6T  kft)  and  the  'Iry   precipitate  is 
eareftiUy  shaken  intr*  the  orueible  removing  it  from  the  páper  as 
eompletely  b  ife  by  gen  tle  nibbing  wíth  a  platinum  spatula. 

Any  smáli  particles  of  the  precipitate  which  may  háve  fallen 
upon  the  glazed  páper  are  brushed  intn  the  mteible  with  the 
aid  of  a  frather  (Rg.  6).  Small  particles  of  the  precipitate  will 
Milí  always  adhere  to  the  páper  and  these  mual  be  vreighed. 
In  order  to  AOOompEsb  this,  tlu*  filter  is  burnt  and  the  ash  obtained 

ither  wcighcd  by  itself  or  nťixed  wíťh  the  niain  part  <>f  the  pre- 
cipitate and  weighed  with  it.f 

w  11  cul  filter,  airetch  it  ovw  the  grotmd  top  of  the  funnel, 

and  f 1 1 1 -ti   pently  t»-ar  <>IT  the  superflnoui   páper.      The  cover   thus   formed 
-  to  adhere  after  dry  mg.     Fmeniua,  Qunnt.  ChtOL  Analysis. 
t  B\  páper  which   haa   been   earefully   washed  with  bj 

rir  and  hydrofluoric  actds,  it  be  pefmiamblti  to  neglect  the  weight  of 
the  ufa  from  the  filter  itself,  With  řiti  unknowi]  poper  U  Ka  Tin-essary  to 
determine  the  weight  of  theash  by  a  separate  experiment  and  then  eorrect 
the  weight  of  the  precipitate  obtained. 


ao 


MTRODUCTION. 


The  combustion  of  the  filter,  to  which  small  particles  of  the 
precipitate  still  adhere,  is  best  accomplishcd  by  the  mcthod  pro- 
posed  by  Bunsen  as  follows:  The  filter  is  folded  together  so  that 
the  precipitate  occupies  the  position  indicated  in  the  shaded  part 
of  Fig.  5,  a,  and  then  it  is  further  folded  as  indicated  by  $  and  y  of 
Fig.  5  to  a  narrow  strip.     The  páper  is  then  rolled  between  the 

a  h    a*  ha* 


fingers  as  indicated  by  d,  beginning  at  b%  so  that  the  portion  of 
the  filter  which  is  f rec  f rom  the  precipitate  is  on  the  outside.  The 
roli  is  now  enveloped  with  a  previously  ignited  heavy  platinum 
wire,  the  wire  is  supported  (as  indicated  in  Fig.  6)  by  means  of  a 


Fig    6. 

cork  in  the  opening  of  a  porcelain  plate  and  the  filter  is  ignited  by 
means  of  the  gas-flame.  The  fláme  is  at  once  taken  away  and 
the  páper  allowed  to  burn  quietly.  If  carbonized  particles  still 
remain,  the  gas-flame  is  applied  repeatedly  until  it  is  no  longer 
possible  to  make  the  particles  glow  any  more.  (Too  strong  ignition 
should  be  avoided.)     The  ash  is  then  added  to  the  contents  of  the 
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erucible  l>y  gentle  shaking  and  the  finál  use  of  the  feathcr.  The 
Dover  is  plaeed  <>n  the  erucible,  and  it  i^  heated  at  first  with  asniaU 
Same,  t  lie  temper&turebeing 
gradually  rnereaaed  unii]  the 
P reec ri t m^  1  tempe ra tun*  o ť 
i  for  the  given  přeci  p- 
te  ia  reached.  The  Same 
i>  íinally  removedj  the  eruci- 
ble  allowed   to  codl  eotne- 

what.  Bod  whilc  í^t  i  JI  warm, 

hut  not  gtomngt  b  placed 
in  a  rtor  (flg,  7), 

After    cooHng   íat    least 
thrrcquartersnf  an  hmír  for  *IG-  7" 

rcelain  crucihlp,s  and  20  minutes  for  platinu tn  ones)  the  rniríhle 
and  it^  eontenta  are  wri^hed. 

Many  precipitatee  (sil vit  chloride!  lead  sulphatc,  etc.)  are  smne- 

uíiat  reduced  to  metal  by  thr  abovc  treatment.    As,  howGver, 

metala  are  difficultly  volatile,  i  herc  will  be  no  toefl  of  the 

metal,  oni  v  of  t  h«*  union  (rhWine  in   the  čase  of  sil  vor  chloride 

and  Sí>4  in  the  rase  ní  lead  sulphate).     This  loss  may  be  readily 

leplaeeá.    The  metal  in  the  erucible  ta  moiatened  with  a-few  dropa 

of  nitrie  acid  to  diseolve  it,  a  few  dropa  of  hydrochloric  acid  (in 

of  a  silver  chloride  pn  ripitate).  or  of  sulphutic  acid  (iu 

ol  lead  sulphate)  are  added,  and  niter  evaporating  ufT  the 

£68  of  the  acid  thr  erucible  is  weighed*    The  only  danger  in  this 

inethod  is  that  in  burning  the  filter  the  ash  ia  heated  tOO  hot 

that  aoroe  of  the  reduced  metal  melta  and  alloys  with  the  plaťmum 

vire.    íf,  however,  the  filter-paper  is  rolled  tip  as  wae  direeted, 

therc  i-  alwaj  a  Bome  páper  free  from  precipitatebetween  the  predpi- 

and  the  platinu m  wire,  yielding  an  ash  which,  although  ita 

Jo  ia  tnappreciable,  is  still  sufficient  to  protéct  the  mra  aru l 

the  reduced  meta]  front  coming  in  oontaet  with  it,  provided 

it  bb  no1  heated  strongly  enough  to  melt  the  met 

Many  precipi  Ug(NH4)AsOla  KjPtCI*  etc.)  are  changed 

much  by  this  treatinent  that  it  would  be  imponeiMe  to  obtain 
results.    In  such  casea  the  filter  cannot   be  bunit,  but 
\ion-ly    dried  at  a  deťinite   temperature  and   weigh- 
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afterwards  the  precipitate  and  filtor  are  again  dried  at  the  samé 
t<  mpettttoxe  and  weighed  again. 

In  order  to  drv  the  filter  it  Ls  pláce*!  in  a  drying-eloset*  (Fig.Sa) 
upon  a  watch-glass  and  near  an  upen  weighing  beaker,  the  tem- 
pera ture  is  broufiht  tu  the  desired  point  and  kept  at  this  tempera- 
ture  \vith  the  help  of  the  thermo- regulátor  T  for  i  ta  1  bouř.  By 
means  of  tongs  the  filter  ía  quickly  placce  1  in  the  mjghxog  beaker 
and  the  latter  in  a  desiccator  filled  with  calcium  chloride  (Fig.  7), 
where  it  is  kept  for  exactly  1  huur.  It  is  then  covered,  removed 
from  the  desiccator,  allmved  to  stud  in  the  air  near  the  balance  for 
20  minu  tes  and  then  weighed.  The  heating  and  weighing  is  re- 
peated  onee  more  in  exactly  the  samé  way  nutil  two  consceutive 
biogi  do  not  ílifTer  by  tttOlQ  than  0,0002-3  gm. 

The  precipitate  b  nom  ooUected  upon  the  filter  and  after  drying 
the  filter  in  the  fiinnel  at  100°  C.  the  filter  and  its  conter.ts  are 
removed  from  the  funnel  and  dňed  in  exactly  the  samé  way  as 
bef«  >  tv 

The  samé  result  is  much  more  simply  and  accurately  accom- 
pEshed  by  the  ose  of  the  Gooch  Crucible. 

Thia  i misists  (as  is  shown  in  Fig.  fl)  of  a  cnicible  with  a  per- 
forated  bottom.  The  cnirihle  tti  próvided  with  an  asbestos  filter, 
weigfaed  after  drying  at  the  preseribed  teniperature,  then  the  pře* 
eipitate  is  filtered  ofT  into  the  crucible,  dried,  and  weighed,      The 

♦The  drying-ťlaset  shown  in  Fip.  ha  ífl  fitted  with  six  rento  vable  porce* 
lain  pln  tes  whieh  prevent  any  *>\id*-  fíillmg  frmu  The  metallic  doset  Wft&fl 
upon  the  suUstanee  to  be  dried,  retideríntf  il  impure.  The  upprr  plate  has 
two  bite  botffcd  in  i'  tlinni^h  whieh  thennoniťter  and  thermo-re^ulator  are 
plaeed      Tbi>  upfMT  plate  II  faflcped   U)  r  the  doset  as  follows: 

A  glasa  timI  providěd  With  a  broad  ritu  rr  and  bulginp  out  at  aa  fa  pushed  up 
through  the  opening  P  of  the  poroelain  plate  (Fig.  S b)  and  A'  of  the  upper 
doset  wall,  and  this  is  fastened  by  plating  an  aslrestos  ring  A  between  aa 
and   S 

The  bottmn  plate  rest  a  upon  a  heavy  iron  wtre  so  that  it  does  not 
euuie  ditvrtly  in  contaet  with  the  liottom  of  the  ck*et, 

\    the  plates  ca  ti  l^e  easdy  taken  outt  it  ln  possible  to  rlean  íliem  withnut 

pulty.     The  ordy  part  of  the  apparalu*  tnat   WQěXě  wit  íh  tln*  bottom, 
<i  the  clošet  io  that  it  may  be  renewed  from  time 
to  titne  without  taktng  the  apparalus  tr>  pieees. 

The  nbove  'Irying-eloset  waa  desipied  l>v  1'mf.  Tr»»e.hvell  and  can  be 
obiained  from  Beader  and  Hobein,  of  Zurích. 
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use  of  these  crucibles  permíts  such  aecurate  and  rapid  work  that 
it  is  worth  while  1 1  describe  the  mot  huti  of  using  tliem  more  in 
detail 

Prcptiratinn  of  Asbesfoě  Fitters. 

From  a  kmg*fibred  sample  of  asbestofl  the  softer  fibres  are  chosen, 
cut  into  pieces  J  cm.  long,  and  boited  witli  conceatrated  hydro- 
chklric  acid  fur  some  time.  A  good  sample  of  asbestos  will  then 
be  separated  into  very  small  fibres.  The  mass  is  eollected  in  a 
fuunel  with  a  platinum  cone,  or  upon  a  filter-pkte,  antl  washed 
with  water.  After  drying,  the  asbestos  may  bc  ignitcd,  but  fur 
most  purposes  this  is  not  «>nly  unneeess&ry  but  disadvantageous. 
For  the  preparation  of  a  Gooeh  íilter,  a  small  floek  of  the 
materiál  is  shaken  with  water  in  a 
flask,  SO  that  a  thin  enwLsion  is 
íonnrd.  A  piece  of  thin  rubber  tubing 
(Fig.  10)  ia  stretched  over  a  ftmncl 
and  the  cmcible  T  is  plaeed  in  the 
opening.  The  fuunel  should  be  large 
enough  so  that  the  cm  cihle  is 
suspe&ded  by  the  rubber  without 
touehing  the  sides  of  the  funnei. 
Etaoogb  of  the  eniulsion  is  poured 
through  the  crucible  to  protluče  a 
i  of  1  to  2  mm.  thiekness,  a  small 
filter-plate  (Fig.  9,  P)  is  placed  upou 
this  laver  and  some  more  of  the  emul- 
sion is  poured  into  the  cmcible. 
Water  rnust  now  be  passed  through 
the  cmcible  until  no  asbestos  fibres 
run  thxoughj  and  in  order  to  see 
them  the  liquid  is  poured  into  a  small 
beaker.  Dmially  such  a  niter  is  pre- 
pared  and  ušed  With  a  gen  tle  suction  * 
but  to  many  cases  it  ftJters  more 
rapid  ty    than   puper  without   it. 

The  cmcible  ia  now  dried  at  the 
proper    iemperatttré    and    afterwarda 

*  Too  gTeat  a  suction   should  not  be  employed  during  the  fxltration,  for 
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weighed.    The  dtying  :md  weighin^  is  ivpeated  iintiJ  a  constant 
-lit  is  obtainedj  when  ahnut  half  a  liter  of  waUT  is  onrc  more 

paased  through  the  crueible  (inorctar  to  be  sure  that  no  aebestoi 
fibra  itua  ťhrough)  and  the  crueible  is  again  dried  and  wcighed, 
I  which,  if  the  weight  is  constant,  the  Grucible  is  ready  for  the 
nitra: 

Thesanu-  crueible  cao  be  u&ed  fnr  a  largo  number  of  determina- 
tions.  When  the  B&ou&t  of  the  prcci pitate  in  the  crueible  be- 
eoroee  too  larjje,  the  upper  part  ran  be  carcfully  reiuovcd  and  the 
crueible  again  ušed. 

If  it  is  desiied  to  ignite  a  preo&pitate  oontiSned  in  a  Ooocb 

crueible,  it  ia  plaoed  (as  shmvn  in  Fi#+  lt)  within  a  l&rger  poroft- 

erúcible  and  heated  at  first 

tnd  ťuially  niurc  stmn^ly, 

whcn  necessary  it  ran  evcn 

be  heated  ovrr  the  Maet-famp. 

For  many  pttlpooea  li  is  prefer- 
able  to  uae  iofitead  of  the  Gooch 

íhle   a   glaee   tube    with   an 

fi  her.    This  is  particu- 

larly  deetf&ble  when  it  u  ueoco- 

sary  to  hcat  the  precipitate  in  a 

gae-streani. 

(li)    TUK    PRWIPITATK    IS   IGNITED    WET. 

Those  přeci  pita  tes  which  do  not  suffer  any  permanent  change 
by  the  action  of  the  products  of  rombustion  of  the  niter  may  be 
ignited  wet  The  precipitate  is  allowed  to  drain  as  much  as  postihli* 
and  vvhile  still  tnoist  the  fi ker  and  prastpit&ta  are  plaeed  in  I 
platinum  crueible,  the  páper  beiog  preoned  down  against  the  ftdefl 
the  crueible.  The  crueible  is  plaeed  in  an  hiclinsd  pomtion 
on  a  triangle  (Fig.  12*),  while  the  oovm  ta  inclined  against  the 

in  t  lirtt  caan  lbe  precipitate  or  ©ven  the  nabeatoi  ttaaH  wíll  be  so  compreaaed 

the  Hltratioti  will  be  prolonged  and  the  washing  made  bon  ftlffiniH 

\.\  I  m  \i  ug  the  crueible  suspended  free  by  tbe  rubber,  t.he  possibility  of  «n»- 

pftoying  too  much  Buction  to  avoided,  for,  as  soon  as  ibis  has  reached  a  i 

(rii>tnti  tlit«  :iir  is  foreed  between  the  rubber  and  the  sides  of  the  crueible, 

it  we  háve  the  effeH  of  a  safety-vahe  to  a  eettain  extent. 

*  As  the  íigure  shows,  the  crueible  s  houkl  not  rest  upon  the  iron  triangle, 
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THE   EVAPGRATIQIf  OF  LlQUIDS. 

Liqiiids   are   usuaJly    evaporated   upon  the  water-bath.      In 

order  to  prevent  anythin^  from  falling  irito  the  evaporating-tli-li 
it  fa  well  to  cover  it  with  an  evaporation-fuDuel,  as  shown  in 
Fig.  13. 


\^~- 


Fia,  14- 


The  fimnel  is  suspended  above  the  dish  by  means  of  a  porce- 
lain  fork  fastened  to  the  iron  rod  (covered  with  hard  rubber)  whfcb 
is  attached  to  the  water-bath, 

In  o  laboratory  is  providcd  with  a  glass-covered  hood 

with  a  good  draft  the  use  of  the  fuimel  ia  uimecessary. 

lt\  !.  the  hood  is  directly  conneeted  with  the  chimney 

it  often  happens  that  on  a  windy  day  a  considerable  amount  uf 
dust  falk  into  the  hood. 
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In  order  to  prevent  this,  the  aut hor  has  made  use  of  the  fnl- 
towiog  contri vánoc  whieh  h:i^  wurked  verv  satísfaetorily  for  some 
years.  The  hood  is  pravided  with  a  glatt  roof^oo,  Flg.  14, and  abotil 
15  cm.  below  there  is  a  seeond  glass  plate  W*  which  does  not  quite 
touch  the  iiuier  wull  of  the  hood  but  is  about  3  cm.  away  froin  it 
tliroughout  its  wholc  length,  BeiwaeE  the  two  platýs  there  pro- 
jects  a  clay  pípo  3,  about  15  cm.  in  dianioter,  and  abont  5  CUL 
above  the  inner  cdge  of  the  low<  r  glass  plate  and  leads  direetly 
into  the  ehirnney  A",  in  which  there  is  a  smáli  gas-fhune  (not  shown 
in  the  illustration).  Any  dust,  sand,  efce.,  fnnii  the  chimney  falls 
upot)  the  plate  66j  none  can  get  into  the  hood, 

In  the  evaporatios  of  hquids  on  the  water-bath  in  weighed 
platinum  erucibles  oř  dishes,  the  platinum  should  not  eome  in 
eontael  with  copper  oř  glass  rings.    As  a  role,  porcelain  rings  should 

be  ušed,     In  rase  tlie  crueible  is  .smuller  tlian  the  ring,  use  is  made 
of  a  truncated  platinum  cone  turned  back  at  the  base  (Fig,  15). 


Fig.  15. 


Fio.    15a, — \V21tcr-lmth  with  porcelain  ring, 
plittmum-hnts.s  cone,  and  crueible. 


Tli  is  is  suspended  in  the  ring  and  the  crueible  plaeed  within  the 
cone  (Fig.  15a).  For  this  purpose  the  authar  nmkes  use  of  a 
thick  hrass  mne  the  inner  surface  of  which  is  covered  with  thin 
platinum  foiL 

Dnring  the  cvaporation  many  substanees  háve  the  propertv 
of  "eroeping"  over  the  edge  of  the  crueible  oř  dislt,  ofteo  causing 
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I  afighi  loss  of  the  substance;  furthermore  there  í^  oíton  "bump- 
mgt"  su  that  iu  Bome  eases  fcbfl  entire  contcnts  are  thrown  out  of 
the  erueiUe  (ef,  tbe  determinatioii  of  boric  aeid  according  to  the 
met  hod  of  Gooch).  Both  of  these  phenoniena  ean  be  readily 
preventod  as  follows: 

The  crucible,  at  the  most  not  more  Ihan  two-thirds  fdled  with 
Bquidj  is  placed  in  the  cylindrical  tin  or  brass  spirál  kh  (Fig,  16), 


Fio.  16. 


The  first  two  windings  of  the  metallic  spirál  come  into  clase  con* 
taet  with  the  sides  of  the  cnicibfc  tihorc  th*  Uqtud,  whSě  the  r€l»fl 
ifuf  irlndirufš  tíuiuld   md  fauch  the  crucibíc.     When   the  steam  is 
passed    through    tbe    spirál    the 
upper    part   of    the   erueible    is 
warmed  hrst,  bo  that  thorc  is  no 

I  tering,  and  furthennore  by 
keeping  the  upper  edge  hot  during 
the  whole  of  the  evaporation  all 

eeping"  of  ťhe  substance  is 


Fio.  17. 
G—  ÉflbesOw  rinp. 
b  —  asbestoa  plate. 


avoided.    In  this  way  it  is  pofióble  to  rapidly  evaporate  oťf  aleohol 

without  boiling  the  liqiiuL 

In  čase  it  is  desired  to  evaporate  higli-boíling  liquids,  such  as 

liuric  aeid,  amvl  aleohol  f  etc.,   the  erueible  ia  either  heated 

over  thr  free  fláme  (continuaHy  movmg  it  baék  and 

fořt  li}  or  else  it  is  placed  in  an  air-bath,  which  can  be  prepared  in 

some  such  way  as  is  represented  by  Fig.  17, 
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Drying  Substances  in  Currents  of  Gases. 

Substances  may  be  dried  at  a  high  temperature  in  a  current  of 
air  oř  of  earbonic  acid  in  a  numbor  of  differeot  ways,  An  oil-bath 
provided  with  a  number  of  copper  tubes  (Fig.  18)  may  be  u 
The  substance  oontained  in  a  amall  "bott"  is  placecl  iii  a  glass 
tube  and  the  latter  in  dub  of  the  copper  tubes.  The  gas  is  now 
passed  through  one  oř  more  of  the  erapty  tubes  (so  as  to  wann  it), 
and  then  through  the  tube  containing  the  substance. 


Ftq.  18. 

B«»tube  with  thermoraeter  for  measuring  the  ten ipera ture  of  the  gas-stre&m. 

In  order  to  heat  a  crucible  in  a  current  of  carbon  dioxide, 
use  can  bc  made  of  Pfttifr  drying  oven  (Fig.  19).  The  crucible 
is  plaeed  in  the  gbflB  pípě  i?  and  the  pijte  and  copper  cylinder  K 
are  covered  with  rotch*gl£ffie&  Dry  eafbon  -loxkle  is  conducted 
through  fche  BttfC  of  the  pipe,  and  the  oven  can  be  heated  to  any 
desired  temperature. 

In  čase  it  is  desired  to  evaporate  off  a  liquid  in  a  fiask  and  to 
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ignitc  the  residue  at  a  given  temperature  it  is  aecessaiy  to  proceed 
Boinewhat  as  follows; 


ho.  ífc 


*   b 


Fičí.  20a. 


Fio.  206. 


The  soktíon  b  placed  in  the  open  Erlenmeyer  flask  K  and 
evaporated  as  far  as  poasible  over  the  íree  fláme.    The  flask  is 
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then  placed  in  a  metal  bcaker  SUSpended  in  an  oil-bath  and  drv  air 
is  Buoked  through  the  spirál  roppcr  tube  M*  as  shown  in  the  illustra- 
tiun.      Fig.  20/>  shuws  the  single  parts  ní  the  apparahi^ 

PREPARATION  OF  THE  SUBSTANCE  FOR  ANALYSIS. 

It  is  very  difflcult  to  give  generál  rules  for  the  preparát  inu  of 
substances  for  analysa t  fftr  it  is  necessary  to  proeeed  dirTerently 
in  difFerent  eases.  For  a  seientiíic  aualvsis  (i.c,  one  in  which  it 
is  desired  to  determine  the  atomic  composition  of  a  substance) 
it  is  necessary  tu  ehoose  pure  materiál  for  the  analysis.  Afthough 
this  sounds  so  simple  it  is  often  one  of  the  most  diíficult  conditioDa 
to  fiilfil.  Many  substances  are  hygroscopic  and  abeorb  inoisture 
from  the  air,  which  can  be  reniovcd  by  hrating  the  substance  or 
by  simply  allowixig  it  to  Btaod  in  a  desccator  ovor  calchnn  chlo- 
ride pTOVided  the  substance  itself  undcrgoes  no  change  by  tliis 
treatment.  Many  subeta&ces  <"<>níamhig  water  of  erystallization 
cannot  even  be  dried  in  a  desiccator,  butmustbe  anály zed  air- drv. 
In  all  cases  it  is  necessary  to  determine  wh ether  the  substanrr  to 
be  analyzed  pOflflOBflCg  B  OODStant  weight. 

For  tecknical  &nalffěes}  the  purpoBfl  bcing  to  determine  the  coet 

oř  selling  price  of  an  article  Of  to  control  ttfl  mamifacture,  the  sub- 

jxoe  nmst  be  analyzed  as  U  is.     In  such  a  čase  the  sample  should 

repreflent  u  far  as  possiblc  the  average  oompoeition  of  the  produrt 

For  our  work  \vc  are  concenied  ehiefly  with  seientjfic  anal 
and  the   first  Bubatanoee  to  be  analyaed  are  easily  oryatalfiadd 
from  water. 

Many  cominereial  salts  are  prepared  extremely  pure  and  could 
be  analyzed  directly;  in  most  eases,  however,  we  obtaio  ihem  after 
fliey  háve  stood  forsotne  tíme  in  tlie  air  and  after  they  háve  heen 
handled  somewhat,  so  that  they  are  not  so  pure  as  wheu  fiesldy 
pivpared.  Cuiiseiuiently  in  čase  it  is  desired  to  test  the  aerurary 
of  :m  analytieal  proces.*,  the  purity  of  a  eommercial  sample  should 
nevěr  be  taken  for  granted.     The  substance  sliould  be  purified  by 


Recrystallization. 

Ten  or  nfteen  grama  of  the  eommercial  salt  are  dissolved  in 
the  least  pussible  aumurit  of  hot  water  (it  is  best  to  use  not  quite 
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igh  water  n»  mnipletely  dissulve  the  substanci*)  and  the  hol 

utioo  ta  rapid  ly  pmircd  throtigh  a  folded  hltci  contained  in  a 

íunnel  the  stem  of  which  has  been  brnken  ofT  (Fíg,  21).     Hia 

es  to  remove  aS  dust  oř  other  insohible  i  rapu  rity.     The  filtráte 

received  with  eonstant  atíning  in  an  evaparatmg-diah  and  is 

rapidly  ooobd  by  placing  the  dish  in  one  containiiig  eoH 

water. 


Fig.  21. 

By  means  of  the  rapid  eoofing  and  constant  Btíningj  the 
salt  is  obtained  in  the  fomi  of  n  crystaJlinc  pmvder,*  which  is 
filtere<l  ofT  by  jxníriiiií  thiuugh  a  fuimrl  provided  with  b  perfomted 
f  ilatiiuini  c.one.  The  mnther-liqiior  is  removed  as  much  as  possihle 
tinn.  The  půrky  of  the  substance  is  then  tested 
qyalitatively  by  means  <>f  some  Bllitábfe  reaelion.  In  čase  it  is 
still  not  quite  pure,  the  samé  proeeflB  «»ř  rccrvstalliz:itii>n  rnust  be 
ited  unti)  the  presence  of  no  iinpuritv  nm  be  deteetetL 

The  pure  but  stilí  moist  substance  is  placed  upnu  a  layer  of 
thieknesses  of  clean  rilter-paper,  eovered  with  uimther  >>■ 
of  ihesaineand  allowed  tostand  for  twelve  hours  at  the  ordinary 
temperaturc.  *  >nc  <>r  two  grame  of  the  substance  are  theo  RWghed 
upon  a  tared  watch-plass,  placed  upnu  n  drv  glusa  plate,  eovered 
with  another  watch-glass  and  alkwed  to  stand  for  several  hours 
in(»i.\     [f  the  substance  shows  n<>  change  in  vreighl  it  is  ready  n*r 


*  Larg*  crystaU  wmiM   l>»-   nlituined   by  aflowing  the  solution   to  rnol 
hr,  I mt  ťlipy  are  not  desirable,  as  th$y   UBUftUy  contain  more  enclosed 
mother-liquor  than  do  the  smaller 
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analysis.  Otherwise  it  must  be  dried  in  the  air  untU  it  no  longer 
shows  a  change  in  weight.  It  is  not  permissible  to  dry  the  sub- 
stance in  a  desiccator  except  in  those  cases  in  which  the  substance 
will  not  lose  water  of  crystallization.  Deliquescent  substances 
of  course  should  not  be  allowed  to  remain  exposed  to  the  air  for 
verv  long.  Such  substances  must  be  quickly  dried  upon  a  porous 
plate  and  transferred  as  soon  as  possible  to  a  flask  provided  with  a 
dosely  fitting  ground-glass  stopper.  Further  rules  for  the  prepara- 
tion  of  the  substance  for  analysis  will  be  given  under  the  speciál 
cases. 


PART    I. 

GKAVIMETRIC  ANALYSia 


METALS  OF  GROUP  V. 

POTASSIUM,  SODIUM,  LITHIUM,  AMMOXIUM,  AND  MAGNESIUM. 

POTASSIUM,  K,     At.  Wt.  39.15. 

Forms:*  KC1,  K,S0o  K.PtCI,,  and  KC1<V 

I.  The  Detennination  as  Chloride. 

Tms  oonipound  ia  ohoseo  fur  the  dcterminatinn  of  potassiurn 

when  it  Ls  already  present  as  such  oř  in  čase  the  salt  to  be  anály  zed 

mny  be  changed  to  the  chloride  by  evaporation  with  hvdmchloric 

acid,     If  the  potassium  is  present  ín  the  form  of  its  sulphate  it 

be  transformed  to  the  chloride  by  preeipitation  with  barium 

chloride  (sec  vlioste  analysis);  if  it  b  proaoat  as  the  phosphate, 

9phorio  wád  m&y  be  precipitated  w  bftaio  ferric  phosphate 

VúL  I.  p.  328) ;  ar,  finally,  if  it  is  present  as  ehmmate  the  (V  \ 

may  l»e  reduoed  to  chromic  tona  by  Bvapcmrtum  with  hydro- 

chWic  aeid  and  alruhnl  and  then  precipitated  liv  ammonia  and 

ťiltcred  nfT. 

ti]  uliunst  al!  of  these  cases  it  is  a  qiiestion  of  separatiui!;  the 
pOtaasfom  chloride  from  the  aqiieous  BohltíoD  and  in  most  cases 
leparating  it  from  the  ammoniuin  chloride  likewise  present. 

*  of  ftU  t  lu-  Bolution  is  evaporated  to  dryness  on  the  water- 
hath  in  a  platimim  dish  (oř  if  neccssary  a  thin  porcelaín  dish  may 

*  I' uder  thin  heaďmp  will  hr  given  in  every  čase   the    formula*  of  tho 
compounds  luitable  for  the  determination  o£  the  element  in  question. 
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be  substituted),  taking  the  precaution  of  stirring  the  liquid  fre- 
quently  with  a  heavy  platinum  wirc\  as  soon  as  the  snít  bcgixta 
to  separate  out,  in  order  to  hasten  the  evaporatioQ  of  the 
en  dosed  water.  In  špite  of  long-continucd  heating  and  boj*- 
ťmual  Btiningj  however,  it  is  not  possiblc  to  emnplclily  expel  all 
of  the  water  mdosed  within  the  erysials;  thia  is  effectcd  by  co 
ing  the  dish  with  a  wntdi-glass  and  drying  in  the  bol  ck)8e1  fur 
ati  hour  oř  two  at  130°-150°C,  The  covered  dish  is  then  placed 
upon  a  platinum  triangle  and  cautiously  heated  over  a  free 
fláme,  holding  the  burner  in  the  hand  and  impart  ini:  fco  it  i  fanc 
motion.    The  dish  is  kepl  1  88  long  as  a  deerepitating  Bound 

can  be  heard.  The  cover  is  then  taken  orT,  any  ammonium  chloride 
on  it  m  renioved  by  careful  heating,  and  it  Ls  then  placed  npon 
annther  clean  watch-glass.  The  dish  is  then  heated  aguin  over  the 
constantlv  moving  fláme  until  the  vapors  of  ammonium  chloride 
ccase  lo  be  given  off,  care  being  taken  not  to  heat  the  potawuin 
chloride  too  strongly  on  account  of  its  volatility.  Any  potassium 
chloride  remaining  on  the  cover  is  then  washed  into  the  dish  by 
means  of  a  little  water,  the  salt  in  the  dish  is  brought  into  sólu t ion 
by  rotating  this  water  in  the  dish  and  the  almost  ever-present 
carbon  particles  (from  the  carbonization  of  pyridine  bases  usuallv 
pimnnt  to  a  slight  extent  in  the  ammonia  and  ammonium  chloride) 
are  filtered  off  through  a  small  filter  into  a  weighed  platinum  cruei- 
ble. A  few  drops  of  HC1  are  added,  the  contents  of  the  crueible 
evaporatedtodryncsson  the  water-bath,again  covered  and  allowed 
to  remain  in  the  drying-closet  for  one  to  two  hours  at  130°-150Q  C. 
and  once  more  heated  over  the  free  fláme  nntil  all  decrepitation 
has  ceased,  when  tlu*  crueible  ta  allowed  to  cool  in  a  d^sicrator  and  is 
weighed.  After  this  the  crueihle  is  again  heated  for  a  few  moments 
over  the  free  fláme  so  that  the  bot  tom  of  the  crueible  becomes  a 
dark  red  (the  cover  of  the  c  nic  i  ble  most  not  be  lifted  during  this 
operation);  it  is  allowed  to  cool,  and  is  again  weighed.  The  pn>e- 
663  is  repeated  until  a  constant  weight  is  obtained. 

In  the  ease  of  every  analytierd  operation  the  heating  and  weigh- 
ing  must  always  be  repeated  until  two  conseeutive  weights  are 
the  samé.  Therefore,  whenever  the  tenns  ''heated'1  (or  "  igníted  *) 
and  "weighed"  are  ušed  in  this  book,it  is  to  be  always  understood 
that  a  constant  weight  is  to  be  obtained. 
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Thte  metbod  is  c&]  iclding  exad  pbbuIíb. 

Exiímpít ■;    IhU rminatioň  ůf  PótaSdMtm  ifl  p0tOA9ttlffl  Jiťťlirnx 

rcia]  potaoBium  bichromate  usually  eontaina  potaariuni 

iiiipuntv.     Tin  ore  purified,  as  deaeribed 

on  p,  32,  by  reorystalliiixig  three  timee  from  wai 
moist  erystab  ta   mi    cvaporating-diwh,   healing    uu    the   wat*  r- 
bath  with  constant  stii*ring  and  finally  drying  to  constant  weij^lit 
in  an  oil-bath  at  130°  C.  (cf.  p.  31)  in  a  current  uf  drv  air. 

The  drv  Bubetaaca  ifl  tlum  wrighed  upon  a  tarcd  watch-írluss, 
placM  in  a  300*e.C  jmrcelain  evaporatin^-dish,  treuted  with  líi  l\c 
of  o  :tcí!  1 1  ( 1 1  and  B  c»c  of  alcohol,  oovered  with  a  watch- 

m  and  warmed  opoo  the  water-bath  luitil  thesolution  beconics 
a  pure  emerald-green.   Any  solution  which  may  ha  ered  up 

on  the  cover  washed  into  the  dish  by  means  of  ■  Btream 

of  water  from  the  washd)ottle  and  the  solution  ta  then  evaporated 
to  drynew.    About  2  c.c.  of  conceotrated  HC9  and  2(M>  c,c.  d 
are  now  addod,  the  tiquid  is  heated  to  boiling  and  precipital 
with   the   least  possihle  excess  of  amnionia.  filterod   and   washed 
with  hot  water  untd  1  c.e.  of  the  filtráte  evaporated  upon  the  cover 
of  a  platinurn  crucihle  leavee  00  residue.     If.  hoWOTeTj  OD  inal 
this  U   t  I   residue  remains,  it  must  be  redissolved  in  water  and 
added  to  the  rest  of  the  filtráte.     After  the  washing  is  found  to 

complete,  the  filtráte  is  evaporated  to  dryness  as  previouslv 
lescribed,*  the  ammonium  chloride  expelled,  and  the  residue  of 
potassium  chloride  is  weighed. 

If  a  is  the  amount  of  potassium  bichromate  taken,  and  p  the 
?ight  of  potassium  chloride  obtained,  the  amount  of  potassium 
present  in  the  potassium  bichromate  may  be  calculated  as  follows: 


KClrK       =  p:* 
74.6:39.15»p:« 


39,15 


ě*~     '  '  p  =  weight  of  potassium  in  a  gm.  of  bichromate  and  in 

percentage 

100  39.15  P  .  „ 

x= — ^-j— : -=  percent,  K. 

74,6       a      l 


*  Fři»rjucntly  b  liHl<>  Cr(OH)t  separata  Dtit  dttrfog  the  evaporation ;  it 
must  t>e  filtered  ořf  and  washed  frče  from  the  solution. 
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It  is  customary  to  carry  out  the  analysis  in  duplieate  and  to  be 
Bfied  o  idy  when  two  dosely  agreeing  results  are  ohm  med,  of 
which  the  mean  is  taken  as  the  true  value,.  According  to  the  ahove 
metbod  results  are  obtaincd  which  are  slightlv  lower  than  the  theo- 
rctícal  valné,  bot  this  should  not  anmmit  to  more  than  0.15  per 
cent.  and  the  two  "eheek"  detemimations  should  not  differ  by 
more  than  0.1  per  cent.  from  one  another. 


2,  Determinatioii  of  Potassium  as  Potassium  Sulphate. 

This  met  hod  is  chosen  when  the  potassiuni  is  already  present 
in  solution  as  the  sulphate,  or  when  it  is  in  such  a  form  that  it  can 
be  readily  chaoged  ta  sulphate  by  evapoflation  with  sulphurie 
acid;  it  is  most  frequently  ušed  for  detcnnining  the  amount  of 
potasaium  in  oombination  with  orgaaic  acids, 

Bince  the  sulphate  of  potassium  is  much  len  volat  ilc  than  the 
chloride,  it  is  advisible  to  chooee  this  rnethod  in  čase  noother  metal 
is  present.  Od  the  other  handf  when  ii  is  necessary  to  separatc 
potassium  frnm  sodium.  it  is  preferable  to  háve  the  potassium  in 
the  form  of  the  chloride. 

Exatttph:  DeUrminatum  of  Potassium  i n  Potassium  Bichromatť. 
— AboutO.5  gin.  of  t  he  purified  and  dried  salt  is  weighed,  as  describcd 
under  1,  i  ni  o  a  ;ifMKc.e.  porcelain  evaporaling-dish,  treated  with  20 
G .<■.  of  a  fpeshly  prepared.  saturated,  aqueous  solution  of  sulphur 
dio.xide*  and  5c.C  of  doiiblr-m»mia.l  >u]phurir  atáth  The  dish  is 
ri.vrred  with  a  watch-glass  and  warmed  on  the  water-biith  until 
there  is  no  ftirther  cvolutiou  »»f  ^as  pei^oeptible,  when  the  cover-glass 
is  našed  off,  removed  and  the  solution  evapor&ted  almost  to  dryneea. 
Minut  200  C.C.  of  water  are  OOW  added  and  the  ehrornium  is  precipi- 
tated  řrotn  the  boiling  Bohitioa  by  means  of  the  slightest  possible 
exces  of  ammonia,    The  precipitate  íe  fdtered  off  and  waehed 


♦The  solution  of  sulphur  dio.xide  may  he  pn*pured  as  folio  ws,    Into  a 
300-&&    Krlemneyer   Badl   ftbout    150  c\c\   nf  a  saturated  .so<lhim  oisulphit* 

Bolutum   ii«'  plaeed,  and  ooncentrated  tulphuiic  add  ia  slowly  tuhleti  from 

|  dfop-fmuueL  GSUliag  ■  lively  CVoKition  of  8<  \  [£aa      This  píp  is  paased  hrst 
into  a   small   wash -hotMe   OQtrtailUQg  W*t©ř  and   then   into  anothgr   rlask  of 

distilled  w&ter,  vrhiefa  iakept  coolby  pladng  11  Lu  a  íar^er  vesel  filled  with 

<*oltl  uo«  r.      Wh&n  the  evohitkui  of  the  SOa  begiitó  to  slacken,  it  ean  be 
gentk  ivarmúkg. 
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uiitil  it  ran  bc  shown  by  the  tafft  applied  under  1  that  it  ÍB  QOIXl* 
plelely  free  íroni  l ho  solution.     The  filtráte,  coiitaining  both  pni 
bii  sin  Ind  ammonium  salts,  is  evaporated  in  a  platinuin  tlisli  to  diy- 

i,  ilir  unmonitm]  mlptato  is  destroyed  by  gentle  iguition  (the 
■ah  inrlt>  and  gases  are  evolved),  the  residue  is  dissolved  in  Bfl  littk 

tor  Ifl  pofidble  Bud  transferred  to  a  weighed  platinuin  enieiMe. 
After  being  evaporatrd  00  the  water-bath  to  dryness  the  botť-r 
ní  the  rrurible  is  heateii  by  means  of  a  free  Mamě  to  duli  ředin  > 
nntil  80^  vapors  eease  to  come  off.  The  crucible  is  allowed  to  o 
in  i  desiccator  anti  then  weighed.  A  piece  of  ammonium  carbonatc 
the  siz  af  a  pea  is  placed  ta  the  cructble  eee  below),  whk-h  is 
again  heated  and  weighed,  the  process  being  repeated  until  a  00&- 
stant  weight  is  obtauied. 

Ií  a  ia  lbe  wcáght  of  substance  taken  and  p  the  weight  of  the 
K£0<  obtaincd,  then  the  perreutngr  of  potassiuni  in  the  potassium 
biehromate  may  be  calculated  a,s  follov, 

K^30#:  k\      =  p:8 

174.36: 78.30=p:« 

78.30 
*~"174.36P 


G-T^ 


7s:ui 


174.36 


»=lU0:x 


and 


100-78.30  p 
*■ — T^T^ — -  =  per  cent.  K, 
174*36     a 


In  order  to  detennine  the  amount  of  potassium  in  organic  salts, 
a  weighed  sample  Ls  pJaoed  in  a  large  platinuin  crueible,  inoistened 
WÍtb  a  little  eoncentruted  sulphuric  acid,  and  hfeatod  uvrr  the 
free  fláme  exartly  &fl  in  the  ca>e  <>f  ignitíng  a  moist  preeipitcia 
(p.  25),  placing  tlie  crueible  in  an  inrlined  pnsition  and  directing 
the  fláme  against  the  cover  oí  the  i-rurible.     Thick,  white  funn 

id  are  soon  evolved;  as  soon  as  these  begin  to  diminish 
in  quantity  the  fláme  is  gradually  brought  toward  the  base  of 
the  crueible,  linaily  heating  it  to  a  duli  red  until  no  more  vapors 
are  giveu  ofi\     The  mass  remaming  in  the  crueible  now  coie 
of  IvSO,  and  K2S3o7.    The  latter  compound  can  be  eoDfflttted 


4o 


GRJWMETRIC  ANALYS1S. 


by  stronger  ignition  into  K,S(  \  with  kwfl  of  EM  >al  but  as  this  proced- 
uře invnlvřs  u  slight  lossof  potassium  it  is  preferable  to  a  dd  a  lit  tle 
solid  ammonium  carbonate,  by  means  of  which  the  cxccss  of  ;?ul- 
phuric  acid  is  eonveried  into  ammonium  sulphate,  which  is  readity 
volatile  and  can  be  driven  off  at  a  much  lower  temperature. 

3.  Determumtion  of  Potassium  as  K^PtC^  and  as  KCIO*. 

These  determinations  are  only  employed  when  it  is  necessary 
to  effect  a  separation  of  potassium  from  sodium.  We  will,  there- 
fnre,  first  consider  the  determination  of  sodium  itself  and  after- 
wards  the  separation  of  (be  tw<>  metal-. 

SODIUM,  řía.    At  Wt.  23.05. 

S<  .dium,  like  potassium,  is  detcrmined  in  the  form  of  its  chloride 
and  of  its  sulphate,  and  the  samé  precautions  which  were  discussed 
umler  potassium  hold  in  the  čase  of  sodium.  It  may  be  men- 
tioned,  however,  that  XaCl  and  Nft^904  aiv  more  difneultly  fusible 
and  much  less  volatile  than  the  corresponding  potassium  eom- 
pounds, 

Separation  of  Potassium  from  Sodium, 

The  solution  should  contain  salts  of  no  other  metals  with  the 
BXOeptioxi  OÍ  ammonium  salts.  In  order  to  separate  the  sodium 
and  potassium  th<  \  fthould  both  be  present  as  cblorides,  the  DOZSr 
bined  treight  of  which  being  first  ascertained.  The  mixture  is 
then  dissolved  and  the  potassium  preeipitated  out  either  as 
rhlnrplatiuate  oř  as  perchl<>rate.  Krom  the  wei^ht  of  the  prc- 
eipitate,  the  oorresponding  amount  * »f  potassium  chloride  ean  be 
ralculated,  which  valíte  is  deducted  from  t Ite  vwi^ht  of  the  com- 

bined  dilorides;  this  givee  the  weightof  sodium  chloride  ori^m- 
ally    present.     The  sodium,  then  determined  by    differ* 

enee. 

A.  Separation  of  the  Potassium  as  K2PtCl,r 

Princ  i  plť. — K2PtCl6  is  practically  insoluble  in  absolute  alcohol, 

reaa  the  oorreepoading  aodhini  salt  isaoluble.    ()u  the  other 

hand,  sodium  chloride  is  insoluble  in  abrolute  alenlm],  bo  that  it 

bbeohltely  necessaiy  to  convert  both  the  potassium  and  the 
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soclium  to  the  \nnn  1 A  their  ehlorplatinates,  as  Othei  u  ise  the  K^PtCl, 
rined  will  bo  coiLtaminatad  v%  i 1 1 1  sodiura  chloride  and  too  high  a 
vahie  will  be  fuiuul  for  tbe  amount  of  potomním  preseni. 

Prvotinu;     L   TnutHformation  oj  the  <  into  Chlurplali- 

-\ — The  assuniptimi  is  made  thut  the  wcight  oí  the  two  chlo- 

i  p  conslsted  ťiitirely  of  sodiiuii  chloride,  and  from  this  the 
amount  of  hydrochlorplathiic  acid  neeessary  to  convert  the  chlo- 
ride into  chlorplatinate  can  be  ralculated: 

2NaC!:Pt=p:x 

Pt 
a?  =  ^-pT*p  =  \veiglit  of  Pt  in  HyPtClfl  required. 

Since  our  reagcnt  (Vel  I,  p.  236}  contains  10  per  cent.  Pt,  we  háve 

Pt 
10  gm.  Pt:  100  Q.e.  =  -^-jrp:x 

g"*ŽT?iJ1  "  ^  =  cc*  ^s^^U  required. 

The  Bolution  of  the  two  chlorides  in  water  (contained  in  a 

[íum  oř  porcelam  evaporating«dish)  ifl  treated  with  a  íew 

tenths  more  tlum  the  oalculftted  inimber  of  eubie  centirneters  of 

II _.rt('l(i  and  is  then  evapnrated  to  dryness*   on  the  water-bath 

at  as  loi  .neratuiv  ttS  pOflBÍblfl  (the  water  should  not  boil). 

Aťtrr  QOOting,  the  resklue  is  treated  withafew  c.c.of  absoiute  aleohol 

(best  methyl  alenhnlf),  after  which  the  solid  mass  is  broken  up 

into  a  fine  powder  by  means  of  a  stirring-rod  oř  a  platinum  spatula. 

The  liquid  is  then  decauted  through  a  filter  moistened  with  akobol, 

and  the  treatment  of  the  residue  with  aleohol  together  with  the 

g  up  into  powder,  etc.,  is  repeated  until  the  aleohol  rnns 

through  the  filter  completely  colorless   and   the  salt  remaining 

utneš  a  pure,  gold-yello w  color  without  auy  orange-eolored  parti- 

being   praent   (Na,PtClt-h6H,0).    The  precipitate  is  then 

m  ev»por»tÍon  to  dryness  serveš  to  convert  hydrons  sodiuni  platinie 
chlorid*-  into  the  emhydrous  salt.     The  latter  salt  is  more  readily  soluble 
ilrtíhol  than  the  former,     Cf,  Prudit,  Zeitactir.  f,  aoaL  Chem., 
».  514,  and  Chem.  Ztg.,  1896t  p.  209. 
f  Dtipré,  Inauguml  Diseertatioa,  Halle,   lŠ93. 
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carefully  transferred  to  the  filter,  the  alcohol  is  allowed  to  com- 
pletely  drain  off,  and  the  precipitate  is  dried  in  the  hot  closet  at 
80°-90°C.  The  greater  part  of  the  precipitate  is  then  placed 
upon  a  clean  watch-glass,  the  filter  is  replaced  in  the  funnel,  and 
the  precipitate  which  still  adheres  to  it  (and  likewise  any  pre- 
cipitate adhering  to  the  dish  in  which  the  originál  precipitation 
took  pláce)  is  dissolved  off  by  means  of  a  little  hot  water  into  a 
weighed  platinum  dish  or  crucible.  The  precipitate  is  evaporated 
to  dryness  on  the  water-bath  at  as  low  a  temperature  as  possible, 
and  to  it  is  now  added  the  precipitate  from  the  watch-glass.  It  is 
dried  at  160°  C.  and  weighed.  The  calculation  of  the  amount  of 
potassium  chloride  corresponding  to  the  wreight  of  the  precipitate 
is  performed  as  follows: 

The  weight  p  of  the  potassium  platinic  chloride  is  multiplied  by 
0.3056  and  this  gives  at  once  the  weight  of  the  potassium  chloride. 

Remark. — The  coefficient  0.3056  is  obtained  from  the  formula 
K^PtCle  in  čase  the  old  atomic  weight  for  platinum  (197.20)  is  ušed: 

K,=  78.30 
Pt=  197.20 
Cle=212.70 

2KC1 

488.20:149.2  =  1:3 

x= 0.30561. 

If,  however,  the  value  obtained  by  Seubert  (Pt=  194.8)  is  ušed,  the 
factor  obtained  has  a  somewhat  higher  value: 

K2=  78.30 
Pt=  194.80 
Ce  =  212.70 


485.80:149.2  =  l:a: 
s-0.30712. 

If,  therefore,  the  latter  value  for  the  atomic  weight  of  platinum 
is  taken  for  our  computation,  it  is  evident  that  a  higher  value  would 
be  found  for  the  amount  of  potassium  chloride  present.  In  špite 
of  the  fact,  however,  that  without  doubt  the  true  atomic  wreight  of 
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platinum  íb  nearer  1948  thau  it  is  to  theoki  determination  of  B< -r- 
zclius,*  yet  wecome  nearer  the  tnith  in  the  cakulat  i<  m  *  i  fchti  amount 
Ol  potaaflifUn  chloride  if  we  use  the  older,  less  BfteUIttte  valné.  The 
reason  for  this  lies  in  the  fact  that  the  prccipitate  of  potašskim 
plaťmic  chloride  does  not  exactlv  correspaád  to  the  fonnula  K^PtCl*. 
It  coutahis,  in  fact,  a  little  more  chlorinc,  beddgfl  OXygCD  and 
hydrogen,  whicli  are  not  given  off  as  water  at  a  tempera  ture  of 
160°  C.  We  must  assume  that  the  hydmchloqílatinic  acid  is  dc- 
oompoeed  slightly  OB  evaporatioii,  perhaps  according  to  the  fol- 
lowing  equation : 


oř 


H2PtCl.  f  IU  >^2HCl  +  HaPtCI«Q 
H1PtClt+H1Of=tHC]  niLruVdL 


By  this  hydrolysis  a  inixture  of  the  potassiuni  salts  of  these  difTcr- 
ent  platinum  acids  is  obtained,  but  fortunately  if  the  work  is  always 
done  in  the  saine  vvay  these  cornpoimds  are  always  fonned  in  the 
06  relative  amonnts.  Iimumerablc  detemiinations  háve  aho 
vra  that  correct  results  are  obtained  if  the  older  atomic  weight 
of  platin  um  is  u>vá  in  the  c  ale  ulát  Íons. 

Modification  of  the  Chlorplatinate  Method. 

Instead  of  weighing  the  K2PtC)fll  the  drv  preeipitate  may  be 
hoated  in  ■  Stmtn  of  hydrogen,  when  11(1  and  H2()  will  l>e  given 
<»ff  and  a  mix  tu  re  of  platinum  and  potassium  chloride  will  retnain 
behind. 

1.  If  the  amount  ol  hydrochlorio  acid  evolved  is  determined 
(p  grn.)  and  from  this  the  eakuhition  of  the  potassium  chloride 
made  according  to  the  following  ec|iiation, 

I^PtCl^  4H  -  4HC1  +  Pt+2KC1 
4HCl:2KCl  =  p:z 
KCI 

x~mciPt 


*  Cf.  Ftoaenius,  Zeitachrift  fur  aiial  Chem.,  1882,  p,  234.     Also  F.  Dupri?, 
Bartimmung  <ier  Kaliums  als  KalianiplatinchIorid,,r  Inau^ural  Dissm., 
Halle,  1S93.      Also  \V\  Dtttmar  and  McArthur,  Jouro,  Boc  CVk.mii.,  Ind  0, 
&t  and  Berichte,  1888.  Ref.  412, 
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slt  will  be  too  low  beoMW  fett  H<  1  i>  evofoed  than  corre- 
the  ábcwe  «  ^i  iat  ion. 
2.  If  thc  mixture  of  platinum  and  potassium  chloride  reniaining 
in  the  diafa  is   weighed  (p  gin.)  and    the  amount  of  potassium 
ctdoride  is  calculated  according  to  the  equation 

(Pt+2KCl):2KCl  =  p:* 

2KC1 

*~Ft-r2KCl  P 


too  low  a  restilt  will  be  obtained. 

3.  Finally,  if  the  mixture  of  platimim  and  potassium  chloride 
is  treated  with  water  andT  on  the  one  hand,  the  weight  of  the  plati- 
iniiii  rcinaiiiÍMtr  undissnlvcd  and,  on  the  other  hand,  thc  weight  of 
the  potassium  chloride  whieh  goes  into  solution  (by  evaporating 
the  solution  and  weighing  the  residue)  is  dctenmned,  then  the 
amount  of  potassium  chloride  calculated  frora  the  weight  p  of  the 
platinum 

Pt:2KCl  =  j>:s 
2KC3 

again  gives  a  rcsult  wiiich  is  too  low;  while  the  amount  of  potas- 
sium chloride  íoi.md  in  the  aqueous  solution  corr  to  the 
aitinunt  of  potaflOlUD  rhloride  originally  present 

lnasmuch  as  the  precipitatc  of  potassium  platinic  chloride 
|H1i<s<.>sc!s  b  ooofitant  compoettioa  ii  m  pombte  to  determin€  expari* 
menlally  by  working  with  puxc  materials  the  exact  ratio  which 
•twccn  (a)  the  amount  of  hydrochjoric  acid  evolved,  (b) 
the  mixture  of  potassium  chloride  and  of  platinum  remáining 
the  IgziitiozL,  (c)  the  weight  of  platinum  remainiug  undissolved 
after  treatmeut  of  the  residue  with  water  and  the  amount  of 
potaaaiuiĎ  chloride  originallv  prcsent.  (í  orrect  resuhs  cannot  be 
obtained  by  wáng  the  oM  atomie  weight  of  platinum.)  Accord- 
ing to  Dupiťj  if  the  amount  of  platinum  determined  according  to  3 
is  muhiplud  by  the  fftcfcor  0.76142  the  true  amount  of  potassium 
chloride  will  be  obtained. 
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Determination    of    Small  Amounts  of  Potassium    in    the  Pres- 
ence of  Considerable  Sod  i  um. 

The  solution  may  contain  sodium,  potassium,  caleium,and  mag 
lesium  in  the  form  of  their  ehlorides  oř  sulphates,  etc.  Hydro- 
riilunr    ar  id   gas   is   conducted  into   the  -^       t^m  m 

poluticm,  wliich  has  been  concentrated  as 
much  as  possible,  until  it  has  beconie  sat- 
urated  with  the  gas  (the  lower  end  of  the 
deiivery-tube  should  be  enlarged,  as  Indi- 
cated  in  Fig.  22,  and  should  not  dip  into 
the  Hquid).  To  every  100  cx.  of  the  solu- 
tion 2  cx,  of  water  are  now  added,  the 
ipitated  sodium  chloride  is  allowed  to 
settle  and  the  solution  poured  through  a  ylGi 

funnel  provided  with   a  platinuin  filter- 

Le.  The  precipitated  salt  is  washed  three  times  by  decantation 
with  95  per  cent  aleohol,  transferred  to  the  funnel,  dried  by  suction 
and  then  washed  three  times  more  with  alcohol. 

[n  the  solution  there  remains  all  of  the  potassium,  some  sodium, 
and  possiblv  calcium,  magnesium,  and  sulphuric  acid, 

The  solution  is  evaporatvd  oa  the  water-bath  todryness  if  possi- 
ble  (oř  if  sulphuric  acid  is  present  the  last  traces  of  the  free  acid 
are  removed  by  means  of  the  free  fláme),  the  residiir  ifl  w  ei^hed,  and 
for  every  decigram  of  the  salt  mix  tu  re  3  cx.  of  double-normal  hy- 
droehWie    acid   are   added    and     more    hydrochlorplatiiiic    aeid 

i    is  neeessary  to  precipitate  all  of  the  potaoutUD  whon   the 

liquid   ifl  evaporated   to   a  paste.     It  Ifl   then  tnated  with  2U  r.<\ 

of  ahsolute  aleohol,  and  well  Stirred,     Afler  standiii;:  fivc  minu 

5  cx.  of  ether  aiv  added,  the  mixture  is  allowed  to  starat  half  an 

a  bell-jar,:uid  then  fdtered.     As  the  rcsidix-  often  con- 

t :  i  i  1 1  s  >ínall  amounts  of  other  ehlorplatinates,  ti  should  be  purihVd 

as  follows:  The  precipitate  ifl  allowed  to  dry  in  the  air,  it  to  dis- 

in  a  little  hot  water,  a  few  drops  of  hydrochlorplatinie  aeid 

led,  and  the  above  operation  is  repeated.    The  precipitate 

tfaua  obtained  cemtainfl   all  of  ti  -ium  in  the  presence  of 

liuin  chloride  and  possibly  Bodiuro  sulphate.    It  is  washed 

with  a  mixture  of  ether  and  aleohol  until  the  liquid  runs  through 
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the  filter  completely  colorless,  after  whi< 'h  the  precipitate  is  dried, 
nnústeued  with  bot  water,  and  digestoři  on  the  water-bath  with  a 
ícu  dropa  of  chemíeaJIy  pure  merouiy*  eonstaatly  ^ t í rring  with  a 
gtess  rod,  until  the  liquid  appears  perfeetly  cotortass. 

By  means  of  this  treatment  the  potaamum  plaťmic  chloride  is 
completely  decom posed  with  separation  rf  platí nura: 


oř 


K,PtCl.+ 4Hg ■ =2KC1+ 2Hg3Cl2+  Pt 
K,lHCl.+2Hg«2KCl+2HgCl,+  Pt 


The  mixture  is  thoroughly  dried  on  the  water-bath  and  gently 
ignited  until  the  mcrcury  is  all  vnlatiliaed;  the  platinum  is  changed 
at  the  samo  time  to  a  denser  forni,  whieh  can  be  readily  washed  by 
ddC&nt&tfcm.  After  cooling,  the  mass  is  treated  with  water,  the 
aqueous  solution  is  decanted  tli  ongh  a  filter,  and  the  residual 
metal  is  washcd  witli  hot  water,  dried,  anti  cautiously  ignited.  The 
filter  ifl  ignited  in  a  platinum  spirál,  its  ash  is  added  to  the  main 
portion  of  the  platinum  in  the  cnirihle  wlúeh  is  DOW  igmtftrij  and 
weighed.  The  weight  obtained  p  multiplied  by  0,76142,  gives  the 
amount  of  potassium  chloride,  oř  multiplied  by  0.39960,  gives  the 
oorreBponding  unount  of  potassium. 

The  above  method  serveš  excellently  for  the  estimation  of 
small  amounts  of  potassium  in  minerál  waters. 

Separation    of    Potassium    from    Sodium    by   the    Perchlorate 

Method, 

Principle. — This  separation  depends  upon  the  insolubility  of 
potassium  perchlorate  and  the  solubility  of  sodium  perchlorate  in 
97  per  cent  alcohol. 

Y<  rv  little  attention  was  formerly  paid  to  this  method  on  account 
of  the  danger  in  handling  pure  perchlorie  aeid,  but  sinee  Casparif 
and  Kreider  J  háve  shown  that  an  aqueous  solution  of  perchlorie 
arid  not  entirely  pure  suťfices  for  the  analysis,  it  deserves  generál 

^nition. 

*  San&ft&dt,  Zeit.  f.  Aunl.  Clu-tn.,  36,  501. 
tZeit.  f.  Anpew.  (hfnK,  1893,  lis. 
tZeit.  f.  Anorg.  Chem.,  Bd.  IX,  342. 
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The  proceduře  is  as  follows: 

The  chlorides  oř  tlie  two  meials  (sulphates  must  not  be  preseat 
on  aceount  of  the  insnlubility  of  sodium  sulphate  in  alcohol)  are 

olveil,  after  weighing,  in  20  c.c.  of  hot  water,  treated  with  1J 
times  as  much  of  the  perehloflatc  solution  and  evaporated  with 
stirring  to  a  syrupy  consisteney,  A  hule  hot  water  is  added  and 
the  Kquid  evaporated  with  constant  stimng  until  all  of  the  hydro- 
chlorie  MSd  is  expelled  and  heavy  fumes  of  perchloric  aeid  are 
given  ofT,  when  a  little  more  water  i*  poured  ověř  the  reaidue  and 

solution  is  again  evaporated  with  stirring.    The  perchloric 

bot  by  volatilization  is  replaecd  froin  time  to  time.     After 

cooling,  the  mass  is  trcated  with  about  20  c.e.  oí  97  per  cent,  alcohol 

to  which  0.2  per  cent.  of  perchloric  acid  has  been  added  and  the 

mixture  is  vigorously  stirred.    It  is  important,  however,  not  to  break 

np  the  crvstalsof  potassium  perchlorate  into  too  fine a powder  as  the 

latter  wonld  readily  pass  through  the  lebortot  filter.     After  allow- 

precipitate  to  settle  the  alcohol  is  decanted  off  through  a 

nuoible,  the  residue  is  wa-shed  again  with  the  wash-aleohol, 

and  the  excess  of  the  latter  is  removed  by  gentle  wanning      The 

tue  is  dissolved  in  10  c.c.  of  hot  water,  to  which  a  little  per- 
chloric acid  has  been  added  and  the  solutinn  is  evaporated  with 
stirring  until  fumes  of  perchloric  acid  are  given  off.  One  c.c.  of 
the  wash-aleohol  is  added;  and.  in  order  to  avoid  the  employment 
of  an  excess  of  the  latter,  the  preeipitatc  is  transferred  by  ineam  of 
a  rubber  upoKceman"  to  a  Gooch  crucible,  washed  with  50-75  c.c. 
of  [)7  per  cent.  alcohol,  dried  at  130°  C,  and  wcighed.* 

In  čase  sulphurie.  acid  WBfl  originally  present,  it  is  removed 
by  precipitation  with  barium  chloride.  It  tfl  not  nesessary  to 
rcmove  phosphoric  acid,  but,  in  cafle  tlus  acid  is  present,  it  is  advisa- 
ble  to  allow  tlie  potassimu  perchlorate  to  Btand  for  >otne  time 
with  an  excess  of  perchloric  acid  beforc  trcating  it  with  alcohol. 

(HiifiUoti   of  Perchloric   Add  According  to  Kntder. — From 
100-300  gms.  of  commercia]  sodium  chlorite  (NaQO.)  are  pla 
in  a  round-bottomed  fla-k  and  heated  until  oxygen  l>egins  to  be 
cvolved  slowlv,    This  temperature  is  mftintftined  until  the  nm-s 


*  Umg    thii    met  hod,    R.    Fitseenkiim   ohtutned    irv    thrw*   experimente, 
100.11.  100.04,  100.24,  tneaii  100.13  per  cent,  of  tlie  potassimu  chloride  takeu. 
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beeonies   solid  (requiring    \\-2   luiiirs),  whereby   thc    chlorate   is 
almost  completely  changed  to  perchlorate  and  chloride. 

After  oooling,  the  melt  is  dissolved  in  \\at<i\  suíhcient  hydro- 
ehloric  acid  is  added  to  decompose  any  chlorate  remahiing,  and  thc 
Bohitkm  is  evaporated  to  dryness  (the  liquid  being  constantly 
Btirrod  from  the  tíme  crystals  begin  to  ta  out). 

The  drymaas  U  broken  up  with  a  stirring-rod  and  ťhen  tu 
in  a  tall  beaker  with  an  excess  of  concentrated  hydrochloric  aridt 
by  means  of  which  Boditim  chloride  separates  out  after  a  few  min- 
útes.  The  sólu t ion  (it  now  contains  perchloric  and  hydroehlonc 
acid  in  the  presence  of  sinali  ainoimts  of  sodium  chloride)  Is  pourcd 
through  a  Gooch  cmcible  and  tlie  PCflidue  is  washed  unce  oř  twice 
by  deeantation  with  concentrated  hydrochloric  acid,  The  filtrato 
is  evaporated  on  the  water-bath  until  the  hydrochloric  acid  is 
completely  expellcd  and  heavy  wfaite  fuines  of  perchloric  acid  are 
evolved. 

Inasmuch  as  commcrcial  sodium  cldoratc  is  often  impure  ít  is 
necessary  to  test  the  perchloric  acid  which  has  beenprepared,  for 
potassium.  For  this  purpose  a  smtall  amount  of  the  solution  ia 
evaporated  on  the  water-bath  to  dryness  and  the  residue  is  tlfe&ted 
with 97  percent,  alcohol,  which  will  dissoive  it  readily  in  the  absence 
of  potassium  perchlorate.  If  potassium  is  found  to  be  present. 
the  melt  obtained  by  heating  the  sodium  chlorate  as  above  de- 
scribed  is  treated  with  II Cl  and  evaporated  to  dryness  in  order  to 
decomposc  any  sodium  chlorate  rernaining.  The  residue  ifl  finely 
powiliTvd  and  treated  with  97  per  cent.  alcohol  (1  c.e.  dissolves  0.2 
gm.  NaClOj)  and  filtered  and  the  process  rcpeated  until  a  little  of 
the  alcoholic  solution  when  evaporated  to  dryness  leaves  absolu  tě- 
ly Q0  residue. 

The  alcohoUc  solution,  wThich  is  now  free  from  potassium,  is 
distilled  from  a  spacious  flask  until  the  perchlorate  begiiis  to  crys- 
tallize  out.  when  it  is  pourcd  rapidly  into  an  evapnratíng-dish, 
evaporated  to  dryness,  and  treated  as  previ<<u.-1y  dtsciibed,  with 
hydrochloric  arid   etc, 

One  c.c.  of  í  poteanum  perchlorate  solution  prepared  accord- 
ing  to  the  above  directions  gave  a  residue  of  0  0369  gin  which 
was  completely  aoluble  in  97  per  cent.  alcohol,  as  it  slmuld  be. 

In  order  to  ascertain  the  approximatc  amount  of  perchloric 
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acid  contained  in  the  Botation,  1  c.c.  should  be  treated  wiih  an 
excess  of  KG,  evaporated  to  dryness,  treated  with  an  excess  of 
97  per  cent.  alcohol,  filtered  through  a  Gooch  crucible,  and  w&shed 
mstil  the  filtráte  shows  no  turbidity  on  being  treated  with  silver 
nitráte  solution.    The  pivcipitate  b  then  dried  and  weighed. 

Lithium,  Li.    At  Wfc  7.03. 
Fomis:    Li,SO<  and  LiCL 

The  deterniinatiou  0Í  lithium  in  fche  fonn  of  the  above  salta  is 
carried  out  in  praetieally  the  samé  way  as  iia  the  čase  of  potassium. 
It  should  be  mentioned,  howevcr,  that  on  evaporating  a  lithium 
salt  with  eoncentrated  sulphuric  acid  the  acid  salt,  LÍHSO4,  ]S 
fonned,  which  00  gentle  ignition  (even  without  the  addititm  o| 
ararnonhun  earbonate)  m  changed  to  dillieultly  vulatile  Li3S< \. 

Since  lithium  chloride  is  a  very  h  <  salt,  it  is  neer- 

to  weigh  it  out  of  contact  with  nioist  air.  To  accomplish  thift, 
the  platinum  crucible,  after  being  gently  ignited.  is  placed  in  a 
desiceator  which  is  provided  with  a  ealcmm-chloride  tube,  and 
le  the  crucible  is  placed  a  weighing  beaker  with  ground  giass 
stopper.     After  bot  li  crucible  and  beakrr  ^sumed  the  tem- 

perature  of  the  room,  the  fomier  is  quíckly  placed  lithiu  the 
Ifttter  which  is  then  stoppered.  It  is  allowed  to  stand  for  20  nun- 
utes  in  the  balance  čase  and  then  weighed,  The  salt  is  then  placed 
in  the  crucible  and  the  above  process  repeated, 

Determination    of    Lithium,    Potassium,    and    Sodium   in    tne 
Presence  of  One  Another. 

After  determíning  the  weigh  t  of  the  combined  chlorid  es,  the 
potassium  is  determined  in  one  portion  as  K2PtCI(t  and  in  a  neeond 
port  ion  the  lithium  is  determined  according  to  one  of  the  following 
iuethods: 

(a)  Gooch* s  Mtthod* 

VnnripJe — Anhvdrous    LiCl    is    soluble    in    anhvdrous    amyl 
aloohol  (15  parta  of  amyl  aleohol  diaeolve  in  the  cold  1  par? 
LiCL  or  10  c.c,  dissolve  0.66  gm.  LiCl)  while  KC1  and  NaCl  are 

*  Proceedin^s  of  the   Km   Acad.  of  Arts  and  Sciences,  22  [N.  3.  lij,  177. 
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1:30,000,  of 


tlifficultly  aoluble  iu  this  Kquid  (solubility  of  Naď 

Kí  1     1  ;  24,000)* 

Proceduře. — Thfl  solution,  aftcr  having  been  eonecntratcd  as 
far  as  possible,  and  which  should  not  eontain  more  than  0.2  gm. 
Lií  '1,  is  placed  in  a  50  c.e,  Erlenmeyer  flask,  5-6  CC,  of  amyl  alcobol 
(boiling  point  132°  C.)  are  udíleti  and  the  ťlask  is  placed  upon  an 
Babestoe  plate  and  oautíously  heated.  The  aqueoua  solution  at 
the  bottom  of  the  beaker  soon  begins  to  boil  and  the  water  vapor 
wcapes  ihrough  the  upper  iayer  of  amyl  aleohol.*  A>  BOOQ  as 
all  the  water  has  been  boiled  ofT.  the  chlorit  les  of  sodium  and 
potassium  separate  oni,  while  the  gre&ter  part  of  the  lithium 
chloride  is  to  be  found  in  the  atcoholic  solution.  Lhiring  the 
evaporation  of  the  aqueous  LiCI  solution ,  however,  some  LiOH  is 
formcd  by  hydrolyris,  and  the  latter  cooipound  ís  íusohihle  in 
amyl  alcohoL  In  order  to  bring  this  completely  into  solution, 
the  elear  amyl  aleohol  solution  is  treated  with  2-3  drops  of  eonceti- 
trated  hydroehloric  acid.  boiled  tvvo  or  tliree  minu  tes  and  filterod 
while  still  warm  through  a  small  asbestos  niter,  The  crust  which 
remains  is  composed  of  sud  i  u  ni  and  potassium  chlorides  and  is 
washed  with  hot  amyl  aleohol,  which  has  been  boiled.     The  fil- 

e  is  evaporated  t<>  drvuess  and  the  residue  is  dissolverl  in  a 
lit  tle  water  after  the  addition  of  some  dilute  sulphuric  acid  The 
solution  is  filtered  front  the  carbonaeeous  residue  into  a  weighed 
platinum  crueible,  evaporated  as  far  as  possible  on  the  water- 
baih.  the  exeess  of  sulphurie  acid  is  removed  by  geutle  hcating 
over  a  fláme  (the  crueible  benig  held  in  an  inclined  pnsition)  and 
it  is  then  weighed.  The  lithium  sulphate  thus  obtained  alwav- 
íniitains  small  amounts  of  potassium  and  sodium  sulphates  iu 
these  ni  re  preseut.  so  that  from  the  woi^ht  obtained, 

0.00041  gm.  should  be  deducted  for  every  10  c.c,  of  the  filtráte 
(cxclusive  of  the  aleohol  ušed  in  wafihmg  the  residue)  iu  čase  only 
min  chloride  \<  pn^ent,  oř  0.00051  íf  on  Iv  potassium  chloride  is 
preseut  and  0.00092  if  both  sodium  and  potassium  chlorides  are 
preseut 

♦To  prevf-nt  foá^  by  htirapmc  nt  trěs  po^nt  the  íla^k  lboukl  be  fitted 
*\nrh  a  cork  stopper  thlOUgh  whích  two  [-><]<?  pass  lf  í*«r  s  df*WQ  through 
the  |lqu'd  durmg  the  boiling,  the  vata1  evaporates  more  quickly  and  without 
bumptng 
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If  10-20  mgm.  ol  lithium  chloride  werc  present  in  tlie  originál 
salt  mixture,  theii  the  residue  obtained  after  filtering  and  wash- 
ing  with  ainyl  alcoho]  ia  dissolvcd  in  a  little  water  and  the  above 
treatment  is  repeated,  the  lithium  beiug  determined  in  the  com~ 
bined  filtrates. 

This  method  is  verv  aecurate,  and,  in  the  author*s  opinioii  it 
is  to  be  preferred  to  all  other  methods  for  the  deterniination  of 
lithium, 

(6)  Ramrmlsberg\s  Afelkod* 

/VtTMířpfe,— Anhydrnus  lithium  chloride  is  soluble  in  a  mixture 
of  equal  parts  alcoho]  ifid  ether  which  has  been  saturated  with 
hydrochloric  acid  gas,  while  the  chlurides  of  sodium  and  potassium 
xire  practieally  msoluble  tlier  miu 

Proceduře. — The  sohition  of  the  chloridem  is  evaporated  to  dry- 

■  ín  a  small  fla.sk  madr  of  Jena  glass  and  provided  with  a 
ground  gUfii,  t  m  hway  stopper  (p.  31,  Fig,  20a).  During  the  evapo- 
on  a  current  of  áry  air  is  passed  into  the  flask  thmugh  the  long 
tube  a  and  out  through  the  short  tube  b.  As  Boom  as  the  resi- 
due has  become  drv  the  flask  is  placed  in  an  oil-bath  and  heated 
for  half  an  hour  at  140-150°  C. ,  during  which  time  drv  hydro- 
chloric acid  gas  is  passed  through  the  flask,  The  fiask  and  its  con- 
tents  are  allowed  to  cool  with  the  hydrochloric  acid  still  passing 
through  the  flask,  after  which  the  residue  is  treated  with  a  few 
cubic  centimeters  of  absolute  aleohol,  which  has  1x*en  saturated 
with  hydrochloric  acid  gas,  and  an  equal  volume  of  absolute  ether 
is  added.  The  flask  Ls  then  tightly  stoppered  and  allowed  to  stand 
with  frequent  shaking  for  12  hours.  The  sohition  is  then  poured 
through  a  ftlter,  wet  with  the  ether-aleohol  mixture.  and  the  residue 
is  mahed  three  thnes  l>y  decantation  with  ether-aleohol.  A.  fow 
more  cubic  centimeters  of  ether-aleohol  are  added  to  the  contents 
of  the  flask  and  it  is  again  allowed  to  stand  for  12  hours ;  the  liquid 

ihen  poured  ofT  and  the  residue  is  washed  with  ether-aleohol 

bil  B  trace  of  the  residue  tes  tet  l  in  the  spectroscope  shows  ihr 
eomplete  absence  of  lithium,  The  ether-aleohol  extraet  is  care- 
fully  evaporated  to  drvness  m  a  water-bath  costalning  lukewanit 

ber,  the  residue  is  dissolved  (after  the  addition  of  a  little  dilute 
sulphuric  acid)  in  as  little  water  as  possible,  transferred  to  a  weighed 
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platinum  crucible  and  treated  with  sufficient  sulphuric  acid  to 
transform  the  lithium  chloride  present  completely  into  sulphate.* 
The  solution  is  evaporated  as  far  as  possible  on  the  water-bath, 
then  cautiously  over  the  free  fláme,  after  which  it  is  gently  ignited 
and  the  residue  of  lithium  sulphate  is  weighed. 

Rernark. — In  the  presence  of  considerable  sodium  and  potas- 
sium  salts  it  is  advisable  to  remove  the  greater  part  of  these  by 
precipitation  with  hydrochloric  acid  gas  (cf.  p.  45),  filtering 
through  asbestos  and  washing  the  precipitate  with  concentrated 
hydrochloric  acid  until  the  residue  no  longer  gives  the  lithium 
spectrum.     The  results  obtained  by  this  method  are  satisfactory. 

Besidcs  the  above  methods  for  the  separation  of  lithium  from 
sodium  and  potassium  there  are  two  other  methods  to  be  men- 
tioned;  that  of  W.  Mayer  f  and  that  of  A.  Carnot-f  According 
to  Mayer  the  lithium  is  precipitated  in  the  presence  of  NaOH  as 
LisP04,  whioh,  after  being  washed  with  ammonia  water,  is  ignited 
and  weighed.  Rammelsberg,  however,  claims  that  the  LisP04 
always  contains  some  sodium,  so  that  the  method  is  inaccurate. 
A  great  many  experiments  tried  in  the  authoťs  laboratory  háve 
led  to  the  samé  conclusion. 

According  to  Carnot  the  lithium  is  separated  as  the  fluoride  and 
then  transformed  to  the  sulphate.  Walter§  claims  that  this 
method  is  accurate  but  tedious. 

Example  f or  practice :  Lepidolite  analysis.    (See  p.  400). 

*  The  above-described  method  has  been  modified  by  the  author.  Ram- 
melsberg evaporates  the  chlorides  in  the  water-bath,  heats  the  residue  till 
it  melts  and  then  after  cooling  extracts  with  ether-alcohol.  By  the  evapora- 
tion  and  fusion  of  the  litliium  chloride  there  is  formed  some  lithium  hy- 
droxide which  is  changed  by  the  carbonic  acid  of  the  air  to  carbonate. 
Lithium  carbonate  is  insoluble  in  ether-alcohol  so  that  the  extraction  with 
ethcr-alcohol  is  not  complete. 

t  Ann.  d.  Chem.  u.  Pharm.,  98,  193,  and  Merling,  Zeitschr.  f.  an.  Ch., 
18,  563. 

t  Zeit.  f.  Anal.  Chem.  29,  332. 

§  The  Analyst,  16,  209. 
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Ammonitjm  NH«,    Mol.  Wt.  18.08. 
Fonns:  HH,,  NH.Cl,  (iraj2PtClB>  Pt,  N. 

We  háve  two  Oáflofl  ta  difltifiguiflh: 

L  The  armiinhíum  ifl  procent  as  chloride  in  aqueous  solution. 

2.  The  amnioniiim  ifl  přesnít  in  solution,  together  with  Otber 
ioDfl  uid  anions, 

L  Tká  salut  ion  cunlairtx  míly  XH,  and  C\  iorus.  In  this  čase  tlie 
■olixtioa  may  be  cvaporatnl  tu  dryness  and  the  resklue  of  amino. 
nium  chloride  weighed;  oř  the  ammonium  can  be  precipitated  as 
(XH4)J*tClfl  and  the  precipitate  weighed;  oř  the  aininuniuin  pla- 
tíme chloride  Can  be  ignited  and  the  residue  of  platinuin  weighed 

(a)  Determination  as  NH4CL 

Thc  aqueous  solution  ifl  treated  mih  aonoentrated  HC1  and 
evaporated  to  a  smáli  volume  OH  the  water-hath  at  ifl  low  fl  temper- 
ature  as  possible,  the  solution  is  transferred  to  a  plaťmum  crurible 
(oř  ODA  of  purcelain),  evaporated  OD  the  water-bath  to  dryness,  and 
the  covered  emeible  b  dríed  to  confltant  weight  in  a  drying-ovon. 
Qood  results  are  obtained,  hut  they  are  alway<  too  low.  On 
rva]MHMting  the  aqueous-  solution  some  NT  11,01  is  driven  ofTř  and 
flint  lost  increases  in  proportion   to   the  amount  oř   watcr 

l  and  the  tempera  tu  re  at  which  the  ev&poratJoi)  takés  pláce, 
on  aocount  of  the  XH401  beiug  partíy  decompoeed  aeeording  to  the 
equatíon 

NlI€CU=sNH,+  Hri 

iiit<»  NH,  and  HClj  both  of  whieh  aro  volatile.* 

I£.  OD  the  o!  her  liand,  a  lit  tle  hydrochloric  acid  is  added  to  the 
solution  the  diasociation  is  for  the  most  part  prevented  so  that 
the  loss  is  reduced  to  a  minimum.  The  ammonium  chlorid*1  nui>t. 
be  dried  in  a  covered  crucible  as  otherwise  a  sniall  amount  of  the 


*  In  cold,  aqueous  solution  thc  NH4C1  tmdergoes  eleetrolytic  diasociation 
áraply: 


XH.Ct^NI^+ď. 
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salt  will  be  lost,  bul  this  Kňourat  is  small  m  comparison  with  the 
amount  which  it  is  possible  tu  lose  during  the  evaporation, 

(h)  Detennination  as  (NHjjPtCl,. 

On  heating  (NH^PtCI^  to  130°  C.  the  salt  is  unchanged;  it 
suffers  nu  di&sociation,  therefure,  up  ta  130°  C.  In  aqueous  eolu- 
lion  it  uodergoefl  only  eleetrolytic  diffiociation  so  that  the  abovc 
salt  loses  no  (NH4)  during  the  evaporation  of  its  aqueous  solution. 

The  aqueous  solution  of  ammonium  chloride,  therefore,  is 
treated  with  an  excess  of  hydrochlnrplatinie  acid  and  a  li  tile  hydro- 
chloric  acid  and  evapnrated  ni  Rfl  low  a  teinperature  as  po&sible 

Iryness.  The  ícsidue  is  tukrii  up  Ííi  ftbeohlte  alcohol  and  fil- 
t&Cbi  through  a  Gooch  crucible,  dricd  ftt  130°  C.f  and  weighed. 
From  this  weight,  the  amount  of  ammonium  chloride  originally 
p  esent  can  be  correctly  calculated  by  using  the  old  atomic  weight 
of  platinum;  Pt=  197.20.  If  the  D6W  value  for  the  atomic  weight 
of  platinum  (Pt=194.S)  is  ušed.  too  high  a  value  will  be  obtained 
for  the  amount  of  ammonium  present.  as  was  explained  in  the 
čase  of  po  tasením. 

If  the  weight  of  the  (XH4)aPtCl,  =  p,  then 

pX0  24O01  =  NH4CI 
pXO.OS107-NH4 
pX  0,07600  =  NHa. 

(c)  Determination  as  Platinum. 

Instead  of  weighing  the  (XH4)2PtClr  Bfl  such,  it  can  be  decom- 
posed  by  ignition*  and  the  weight  of  the  platinum  remaining 
detennined.  If  the  old  value  for  the  atomic  weight  of  platinum 
(197,2)  is  ušed  in  this  detarminatáon  lite  resiilts  obtaí&ed  will  be 

*  As  amraoniurn  platíme  chloride  decrepitates  strunily  uii  bflUQg  hflated, 
the  ignition  BWSl  také  ptače  in  a  Itfgfi  porrelain  rnu-iblc  which  is  proviiled 
with  a  elode-ÍHting  cover  The  přec  i  pita  te  mu-t  bfl  hented  graduiilly  ;it 
first  to  prevGDí  Um.    It  ís  In-st  igoited  accordiag  to  the  directions  of  Rose. 

The  phripitatí'  and  tilt«»r  MG  pl&fled  in  the  BtUcible  with  thi>  filter-paper  on 

top,  the  cntctbte  ii  coveifld  and  hepted  ovw  %  vtty  unail  Same  until  th»* 
pAper  is  complflteiy  ohnmd  without  Allowí&g  ih<i  vapof  to  Cflcnpo  vuábfy 
from  the  erodbfo.  Tin-  crucible  is  tbflo  stroagly  igmtfld  with  free  acceaa 
of  air  until  the  eharred  fiU*-r  Ifl  eQfBfitoely  ronsumed. 
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about  0.4  per  cent  too  low,  while   if    the  B6W   valné  (1U4.8)*    is 
ušed,  the  results  will  be  about  0.S  per  cent  too  high. 

ilts  can  be  ohtained  by  inultiplying  the  weigbt  of 
platiuum  (p)  by  the  follmving  facfc 

pX0.54.527-NHéCl; 

pXO.lN4Hi-NH4; 
pxo.i:  ÍIr 

2*  The  Ammonium  is   Present  Together  with  Gther  Cathíons* 
and  Anions  in  Solutioa  oř  in  Solid  Form. 


(a)  The  solutbn  is  distilled  after  the  addition  of  a  strong  1 
(NaOH—Ca(OH),t),  the  ammonia  evolved  ia  ubsorbed  in  hydro- 
ehloric  acid  arni  the  reeulting  solution  is  analyzed  according  to  1. 


Fio.  23. 

Proceduře. — About  1  gm.  of  the  substance  to  be  analyzed  is  placed 
in  the  400-500  nmeyer  fiask  A"p  it  is  difleolved  in  200  && 

of  water.  a  few  drops  of  litnrns  snlution  are  added,  and  in  rase  the 


*  In  t&llysing  platinat  ink-  basei  IgWng  the  platfotttlfl 

corr  ■  umy  be  obUúned  by  umng  far  lbe  fttoxoic  weigbt  of  ptutrntim 

ffequently  rpoommended  for  expellíng  the  nmninnm.     Aroprd- 
inff  to  t\  pliváte  oomnuuricatton  fmm    Herr   Bormana,  of  Neunlclrch, 
b  abaolutely  unsuited  for  thia  ptirpoee. 
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fcokition  reaets  acid,  sodium  hydroxide  solution  (which  has  been 
previously  boiled  to  expel  traces  oí  ammonia)  is  slowly  added  at  T 
with  constant  shaking  iintil  the  solution  changes  to  blue,  after 
vvhich  ten  c,c,  more  oí  ťln-  cauetic  soda  solution  are  added.*  The 
liquid  is  then  heated  to  boiling  and  100  c.c.  of  it  is  carefuUy  distilíed 
into  the  receiver  1\  which  already  contai?is  20  c  c.  of  2  N.  hydro- 
chloric  acid.  In  order  to  make  sure  tliat  no  ammonia  escapes 
frnin  the  receiver  it  is  well  to  eunnect  it  with  a  small  Peligot  tube 
containing  5  c.e.  of  2  N.  hydrochloríc  acid  and  some  distilíed 
water. 

After  100  c.c.  of  the  liquid  háve  distilíed  over,  all  the  ammo 
nia  will  be  found  in  the  receiver  and  can  be  detennined  according 
to  1  {a)  oř  1  (b);  preferably  the  latter.  The  determination  can 
I  >e  earried  out  tnuflh  morequicJdy,  however,  if  the  receiver  contains 
B  tneasured  amount  of  standardized  acid  and  the  exeess  is  deter- 
mined after  the  distillation  by  titrating  with  alkali  (cí.  p.  446). 

It  is  also  possiblo  to  make  an  arrurun  detiTimnation  of  the 
amount  of  ammonia  present  by  measuring  the  volume  of  the  gas.f 

Colorimetríc  Detennination  of  Ammonium. 

For  the  determination  of  such  small  amounts  of  ammonia  as 
oeour  in  drinkiiig-water,  the  above  methods  are  not  suitetl.  in  this 
čase  the  proceduře  is  the  samé  as  WBfl  dcscribed  in  Vol.  I,  p.  46, 
(In  the  čase  of  minerál  waters  it  18  necessary  to  add  more  than  one 
drop  of  the  soda  solution;   lbe  amount  oeceasary  is  determined 

by  sddlXLg  litmilfl  to  a  definite  volume  of  the  water  and  then  adding 
the  soda  solution  nutil  the  litmus  changes  to  blue.)  The  distillate 
ía  rooeived  lo  50  c.c.  graduatcd  Nessler  tubes  (m  the  fourth 
Mru  Uu ■!'■  i-  u  udly  no  ammonia  to  bc  deteoted)  and  these  are 
-lerized.  The  50  c.e.  of  distillate  is  niixed  with  2  c.c.  of  the 
Nessler  solution  and  the  yellow  color  produced  is  oompared  with 
the  rulors  produced  in  the  samé  way  from  a  series  of  tubes  contain- 
íiili  known  amounts  of  ammonia.     When  a  standard  is  found  of 

*  The  Beparatory  funnel  T  should  be  roughlv  ralibrated  before  setting 
tip  the  upp&fmtus,  by  pouriag  wat**r  into  it,  -mm  ■  uhíe  n»ntí  meter  at  a  time, 
and  iimrkitip  with  :i  |HTiril  thr  i*  v  i  un  the  glass, 

tCf.  Part  III,  Gas  Anah>is, 
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Ae  Bfl 1 1  io  shade  as  the  solution  t  est  <  X I .  then  the  two  soIutions  contain 
the  ume  ómomrt  ol  immoatA. 

The  amnionium  chloride  sul  ut ion  TiCiOtifflDttTjT  for  preparing  the 
staaáfrrda  ifl  1 1  re  po  re<  l  ba  f  *  *  1 1 » » w  i 

3.1365*  gm&  of  amnionium  chloride  which  has  been  dried  at 
100°  C.  are  dissolved  in  1  liter of  water  free  from  animonia  (cř,  f<X>t- 
notě,  Vol.  I,  p.  47).  The  solution  now  contn 
I  mgm,  of  amnionia  (\H3)  per  eubic  centimeter; 
this,  however.  fa  too  strunu  f,»r  mott  purposcs,  so 
lhát  10  c*c.  of  it  are  taken  and  dituted  to  1 
Of  thifl  Bohition  1  c.c.  eontadns  0.01  mgm. 
NH3.     If    the    water    to    be    anály  zed    eontaiiis 

-iderable  amnionia,  a  snialler  portkra  should 
aken  for  the  analysis  than  in  onlinary  eases 
otherwise  the  Bzit  distillate  (50  c.c.) 
woidd  give  too  intense  a  eolor  with  the  Ne- 
M>1  nt ion.  In  BUch  B  Cfl8€  Olily  50  c.c.  of  the 
water  should  be  taken  for  the  analysis  and  t  his 
should  be  diluted  to  600  c.c,  with  water  free 
from  aioniniiiii  and  then  distilled. 

In  order  tain  how  much  of  the  water 

to  také  for  the  analysis,  the  foUowi&g  e\j>eriment  should  be  made: 

Abont  100  e.c.  of  the  water  to  be  tested  Ote  piaeed  i  1 1  a  iiarrow 
eylinder  (whieli  is  provided  with  a  ground-gluss  stopper).  2  <-j\  of 
a  strunily  alkallne  Bodium  carbonate  solution f  are  added  to  pre- 
eipitatc  the  caleiuin  which  may  t^e  prescnt.  the  mixture  is  vio- 
lently  shaken  and  allowed  to  set  tle  Fmm  the  elear  ropematflat 
liquid  50  c.c.  are  pipctted  oíT  into  a  Nessler  tube,  treated  with 
iler  solution  and  rwixed.í     If  a  struny  yellm\  culur,  or 

♦The  vahic  3,117  gms.  io  usuallygiven,  bnt  by  employing  the  more  reoent 
atoniic  weighi*  (NH/T    ;,:v.M;  MI:     174X7]  Ú*  raluc  3.1306  is  obtained 

t50  £rm^.  Na«  01  and  60  pttfl,  \;<,r<  i,  (rukined)  are  dissolvpd  in  600  C  6, 
of  pure  distinkci  water  and  the  aohitioft  botled  untO  the  voltu m-  ifl  only  500  co, 

J  In  the  casc  of  minerál  waters  rich  in  magnesium  sulphate,  the  ■ddition 

of  the  10  c.c.  of  sodhuu  carbonate  solution  oftcn  faila  to  pře  ven  t  a  turbiditv 

on  adďtng  tfae  Neaaier  reagent,  which  wottld  reneto  a  ooiofimfttriodetermina* 

impofisible.     In    thiv   čase  10  c.c,  of  a  boíled  BaClj  solution  (120  gms. 

"l3  +  2HtO  in  500  c.c.  H,0)  should  l>e  added  before  treating  the  wl 
sndiiim  carbonate  solution. 


ri*;,  1\. 
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even  a  precipitate,  is  obtained,  then  only  50  c.c.  of  the  water  should 
be  taken  for  analysis.  If  „  on  the  other  hand,  there  19  not  more  thao 
a  faint  coloration  apparent,  then  500  c.c,  rnust  be  taken  for  the 
dctcnninution. 

For  the  Ncsslerization,  the  three  cylinders  each  containing 
50  c.c.  of  the  dlstillate  are  placed  over  a  sheet  of  white  páper, 
trcated  with  2  c.c.  of  the  Nessler  reagent,  and  mixed.  Beside 
bbeoQ  on  plaoed  i  waám  r>f  similar  cylinders  containing  respectively 
0.0,  0.5,  L0f  1.5,  2.0,  2,5,  3.0  c.c.  of  the  standard  animonium 
chloride  sohition  diluted  to  50  c.c.  These  are  also  treated  with 
2  c.c.  of  the  Nessler  reagent  and  by  matching  the  colors  obtained 
in,  the  test  with  those  obtained  from  known  aniounts  of  ammonia 
the  amount  present  in  the  water  can  be  easily  estiinated. 

The  Nessler  reagent  should  give  a  distinct  coloration  with  500 c.c. 
of  water  containing  0.005  mgm.  NH3 ;  if  this  is  not  the  čase,  it  must 
be  made  more  sensitive  by  the  addition  of  mercuric  chloride  solu- 

flOll. 

For  mixing  the  liquid  in  the  cylinders  it  is  convenient  to  employ 
a  stirrer  such  as  is  shown  in  Fig.  24,  the  dianieter  of  the  bulb  on 
the  end  being  only  slightly  less  t hun  that  of  the  cylinder.  By 
moving  this  stirrer  up  and  down  twice  the  liquid  becomes  thor- 
oughly  mixed. 

KjeldahTs  Method  for  Determining  Nitrogen. 

The  methods  which  háve  been  described  Uma  far  are  suitable 
only  for  the  deterinination  of  nitrogen  when  it  is  in  sohition  in 
the  form  of  NH4  ions.  It  is,  however,  of  great  importance  to  be 
able  to  determine  nitrogen  when  it  is  present  other  than  as  an 
amnionium  compotind  (in  albumen,  coal,  etc.).  Inasrnuch  as  it 
is  possible  to  determine  the  amount  of  ammonia  present  very  accu- 
rnirlv,  and  by  the  employment  of  volumetric  methods,  very  quicklv, 
methods  wera  Boulit  for  the  tra-nsformation  into  ammonia  of  the 
nitmgen  originality  present  in  some  other  form,  This  is  readily 
brought  about  by  the  Enethod  of  KjeMahl  and  its  tnodificatíoQA 

I  "v  the  oxidation  of  nitmgenous  organic  subetaooes  with  con- 
centrated  sulphurie  aeid,  potiissium  permanganate,  mercuric  oxide, 
etc.,  the  organic  matter  is  destroyed  and  the  nitrogen  is  romp  letěly 
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changed  to  ammonium  and  hcld  as  ammonium  sulphate,  from 
wliich  the  anmionia  can  be  readily  distilled  ofL 

Proceduře  for  Kjddahťs  Nitrogen  Dctermituition  (Wilfartk9* 
M&Kjkútion*). — From  1  to2gms.  of  the  eubetanee  ta  be  aualyzed 
ed  b  a  500-600-c.c.  fta^k,  made  of  dilfieultly  fusiblc  potash 
glass.and  to  it  are  added  20  c.c.  of  sulphuric  acid  '  >  vohuneeof  con- 
ivntrated  acid  mixed  with  2  volumes  of  funiing  sulphuric  acid)  and 
a  few  drops  of  mercury.     The  flask  is  theti  heated  in  an  iron  dish 

ered  with  asbestos  imtil  ita  csontenti  psaly  bciL  It  is  iznpor* 
tunt,  liowever,  to  be  sure  that  the  substance  should  be  thomughly 

íatened  by  the  sulphuric  acád  befare  the  beating,  eepedaDy  in 
the  čase  of  mealy  substances,     In  Qfcdat  to  avoid  a  .  loss  of  uitro- 

>us  mattcr,  it  is  first  heatvd  for  half  a  minuté  over  a  very  email 
Same  and  then  over  a  larger  nw_\  bot  in  no  čase  should  the  fláme 
touch  the  fiask  above  the  part  occupied  by  the  liquid. 

The  heating  is  continued  until  the  solution  hecornes  clear  and 

ttpfetely  colorless.     In  the  presence  of  iron  compounds,  bow- 

r,  the  liquid  is  sometimos  slightJy  yetlow.  The  decomposition 
is  usually  coniplete  in  two  or  three  lumrs.  The  liquid  Ifl  t hen  alJowed 
to  cool.  the  sidcs  of  the  fiask  are  washed  down  and  the  solution  is 
diluted  with  about  250  c.c.  of  water.  After  it  is  thoroughly  oool| 
80  c,c,  of  caustie  soda  solution,  free  from  nitráte,  are  quickly  added 
and  sufficient  potassiuni  sulphide  solution  (40  gms.  commercial 
potassium  sulphide  to  the  liter)  to  completely  precipitate  the  mer- 
cury and  cause  the  liquid  to  appear  black  (28  c.c.  of  the  potassium 
sulphide  solution  are  usually  surRcient).  A  few  grains  of  powdered 
ÚDC  are  then  added  and  the  flask  is  quickly  connected  with  the  distil- 
ling  apparatus.  The  distilling-tube  dips  into  a  250-300-c.c.  Erlen- 
meyer  flask  containing  a  known  volume  of  normál  sulphuric  acid 
í  10-20  c.c.)  and  sufficient  water  to  cover  the  Lower  wd  0Í  the  l 

ser  tube.  As  soon  as  a  notk-rable  amount  oj  water  VBOOC 
begins  to  come  over,  it  is  no  longer  necessary  to  háve  the  condensrr 
tube  dip  into  the  sulphuric  acid  solution  in  the  receiver.  After 
100  c.c.  of  the  liquid  háve  distilled  ow,  the  receiver  is  rcmoved 
and  the  excess  of  sulphuric  acid  is  detcrrnined  by  titration  with 
one-tenth  normál  barium  hydroxide  solution  using  helianthin  as 
an  indicator. 

♦Chem.  CentralbL  [3.  FJ  16,  pp.  17  and  118. 
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From  thc  amoum  of  BUlphurio  acid  ušed,  the  amount  of 
nitrogen  presem  may  be  ralculatcd  as  folii >ws;  Let  t  be  the 
number  of  cubie  eenumcUrs  of  normál  sulphuríc  acid  neutralized 
by  thc  ammonia  cvolved  Eroni  o  pna.  of  the  substance,  theii  this 
corresponds  to 

ÍX0.01404  grns.  nitfOge&j 

and  the  percentage  of  nitrogen  ia  the  substance  is 

<z  :f  X  0.0 1404  =  100  :x, 

m    1.404X' 

x=  =  per  cent.  nitrogen. 

If  the  nitrogen  is  originally  present  to  a  ronsiderable  extent  in 
the  form  of  ni  tra tes.  OxidaB,  or  cyanides,  the  above  modifioatioii  úf 
Kjeldahls  met  hod  will  DOl  m-ivc  to  changc  aJl  of  the  nitrogen  into 
ammonia.     In  such  00068  it  is  best  t<>  use  the  modification  propc 
by  M   Jodlbauer:* 

l míti  0.2  OJ  gin.  of  |»otnssiu]n  iiitrntc-  (or  the  oorreeponding 
Limnnnt  of  another  nitráte)  are  treated  with  20  C,C  of  coneentrated 
sulphuiic    acid    and  2.8  c.r.  0Í  J»la  ainlsu!phonic    acid    (60  gfflS.  of 

pbenol  dissohrd  in  enougb  eo&centratod  sulphurío  acid  of  66°  Bé. 
tn  make  100  c.c.  of  solution)  2-3  gnis.  of  rinc  duál  and  S  drope  of 
hydrochlorplatinic  acid  are  added  and  the  mixture  heated.  After 
heating  the  substance  with  this  mixture  for  four  hours,  the  liquid 
cnWless  and  is  ready  to  be  distilled  with  the  caustic  soda 
sol  ut  ion. 

MAGNESIUM,  Mg.  At.  Wt  24.36. 
Forma:  MgSO„  MgO,  Mg,PO 
un  Determination  as  HgS04. 
This  metlu  >d  for  the  drtcnniuatinii  ní  magiirsiuru  can  alwavs 
be  employed  whcn  the  magnesium  is  eumbincd  with  an  acid  which 
cao  he  voUtilused  by  heating  with  Bulpfauric  acid,  and  whes  bq 
other  metal  bnddtt  ammonmm  is  presi»nt,  A  W&ghed  amount 
of  thc  Buhetanoe  ifl  placed  in  a  platínum  cntcibfe  and  treated  with 
digfat  eacceea  flf  ocmeentvated  sulphuric  acftd.f  the  mixture  is 

*Gfaem.  (Vntralbl.  [&  Pj  17,  138  sad  Zeli.  t  ftnml  num.,  XXVI.  92, 

í  viotently  mih  coneectrated  B  >' \  shoold  ba 

&nrt  trcfl^  -i  with  wafter,  mm3  diinte  sulphurír  iold  ftdáad  liti  Ir  by  ííttk* 
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evaporated  on  the  water-bath  as  far  as  possible,  and  the  excess  of 
free  sulphuric  acid  is  removed  by  cautiously  heating  the  crucible, 
held  in  BD  inelined  positiou,  over  a  free  lianie.  Hnallv  the  flry 
mas-  is  beated  just  to  reduess  m  1  covered  crucible,  and  after  cool- 
ing  in  a  desíccator,  i>  weighed  as  quickly  as  possible,  as  the 
anhydruiis  magnesium  sulphate  ís  hygroscopie. 

(6)  Determination  as  MgO. 

This  method  is  seldom  med  ta  practicc,  and  then  only  in  čase 
the  magnesium  ifi  presem  in  B  form  that  ean  be  readily  ehanged  tu 
the  oxide  by  ignition — i.e.,  as  earbonate,  nitráte  or  salt  of  un  organie 
acid.*  The  proceduře  consists  siinply  of  at  íirst  carefully  heating 
in  a  covered  crucible.  and  finalty  with  the  full  heat  uf  the  Tedu 
burner  in  a  half -covered  crucible. 

Determination  as  Magnesium  Pyrophosphate. 

This,  the  most  important  of  all  the  methods  for  the  detcrmina- 
tíoD  of  magnesium,  is  always  applieablc  and  depends  upon  the 
íullowmg  prineiples:  lf  the  BolutíoD  **i  £  magnesium  >u\\  is  treated 
with  analkali  ortbopho0ph&te  Bohstktfl  in  the  pieaeooe  of  amninnium 
chloride  and  amrnonia,  the  magnesium  is  eumpletelv  preeipilated 
us  magnesium  aminnnium  phoepfa&te,  whieh  by  ignition  is  ehanged 
to  magnesium  pyrophosphate: 

2MgNH4PO,-2NHtH  H£H  Mg2PA- 

uviiug  to  the  method  by  whieh  the  magnesium  is  preeipi- 
tated.  the  magnesium  aminonium  phosphj  be  obtained  in 

tses  contaminated  with  either  small  amounts  «>f  tribasic 
magnesium  phosphatc  (Mg^PjO,)  oř  with  mmiomagiiesium  íiiiiiiih- 
nium  phoeph&te  (Mgi,NII,V (POJj),  In  the  Jii^t  <:ise  the  Mg,l'_<  f, 
■d  by  ignition  so  that  the  results  uhtah  íoo  low, 

in  the  Becond  čase  the  rnonomagncsiuni  amimmium  phosphate  is 
changed  to  magnesium  metaphospf 

2Mg(NHJt(IH-)4),  =  2Mg(POa)t+8NHai4-4HA 

♦Magnesium  chloride  can  be  changed  t<>  ih«  *«xi<le  by  ignition  with  uut- 
ruric  oxide  in  a  poroel&in  evaporatmg-dish.  Kercuric  chloride  and  theexrosB 
nf  mercuric  oxkk  are  volatilized.  lu  tUis  way  magnesium  is  often  separated 
ínnn  the  alkalea.     (Translator.) 
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bo  that,  if  only  gentle  ignition  is  emplnwd,  tnu  lijidi  resitlts  will 
obtained;   whereas    if  tlie    mix  tu  re  Ls  heated  to  constant  wei.L-hi 
over  the  blast-lamp,  eorrect  results  will  be  obtained,  for  at  thís 
tempera  ture  the  metflphogphate  is  ehanged  to  pyrophosphate  and 
phogphorUfl  pentosádej  and  the  latter  is  gradually  volatilized: 

Frona  the  experimente  of  H>  Neubauer*  Wfi  now  know  the  exact 
conditions  uxider  which  a  preeipitate  of  magnesium  ammonium 
phosphate  will  be  con  ta  mi  na  tet  I  bv  the  above  salts. 

1.  If  the  přeci  pi  táti  on  takés  plarc  in  a  strongly  ammoniacal 
solution,  particularly  \vheu  the  phosphate  solution  Ls  slowly 
added,  the  precipitate  always  contains  some  tribasic  magnesium 
phosphate. 

2.  If  the  preeipitation  takés  pláce  in  a  neutra!  oř  slightly  ammo- 
niacal  solution  in  tlie  prosrnee  of  ammoniurn  salts,  and  ammonia 
is  added  afterwards,  the  precipitate  then  always  contains  mono- 
magnesium  ammonitim  phosphate  [Mg(NH4)4{P<  *4)J. 

To  insure  a  pure  preei]>Uat*\  the  sulutínn  must  be  neutral,  as 
free  as  polibte  from  ammonium  Balts,  and  ammonia  must  be  added 
after  the  addttion  of  the  phosphate  solution. 

The  proceduře  recommemled  by  Gibbs,  as  well  as  that  of 
Neubauer,  lead  to  equally  good  results. 

1.  Method  of  W.  Gibbs.f 

lite  neutral  t  whltion,  as  free  as  possible  from  ammonium  salts, 
is  treated  at  the  boiling  temperaUire  drop  by  drop,  vvith  a  solution 
of  sodium  ammonium  phosphate  (XaXHJíPO^-f  4H20)  (100  gms. 
of  the  salt  dissolved  in  a  liter  of  water)  §  until  no  further  preeipi- 
tation takés  pláce.     Nearly  90  per  cent  of  the  magnesium  present 


*  Cf.  p,  64. 

t  Arn.  Journ.  Se,  [3]  ft.  114 

J  If  the  solution  is  slrongly  ammoniacal,  ít  should  be  aridified,  evapo- 
rated  to  drynrss  and  the  Mnrnomnm  salt*  exprlled  by  gen  tle  ignition.  The 
residue  is  dissolved  in  a  verv  little  dihite  hydrochlorie  aeíd,  the  sohition 
mnde  barely  alktiline  witfo  ainnmnia,  and  then  treated  as  above  describecL 

}  For  the  preeipitation  of  l  gm.  magnesium,  r»4  e-e.  of  this  solutíoa  are 
neeessary,  and  for  l  gm.  of  MgS04  +  7H/>,  8  ac  are  required. 


DETERMINATION  OF  MAGNESIUM, 


63 


18  at  once  predpitated  as  MaorphoQ>y  dimagnemum  phoBphate 

(M^HPOJ: 

NaNH4HP04  -f  MgCl,  -  NaCl  +  NH^l  +MgHP(  )«. 
The  solution  is  now  allowed  to  cool,  after  which  about  one- 
thinJ    úl    Hs  Volume  of  animonia    is   slowly  added  witli  ennstant 
Ktáning,  irhereby  the  unoiphous  precipitate  is  at  once  changed  tes 
the  crystalline  magnesium  ammonium  phosptiate: 

The  10  per  cent,  of  di  magnesium  phosphate  which  remained  in 
solution  is  also  coinpletely  prccipitated  by  thist  proceduře  as  mag- 
nesium ammonium  phosphate. 

After  standing  for  two  ur  three  hours  the  supernatant  sólu- 
íion  is  deeanted  orT  through  a  niter  and  the  precipitate  is  washed 
three  tunesbv  1  Irčan  tat  ion  with  2\  per  cent.  anmumía,  íi  naliv  trans- 
ferred  to  the  uher,  washed  eomplrtrlv  vvitli  2)  per  cení.  ammonia 
and  dried  111  the  líni  doset.  The  dried  precipitate  is  transferred  as 
oompletey  u  potttbk  to  a  weighed  platinum  crucible,  the  filter- 

burned  iu  a  platinum  spirál  and  the  ash  addcd  to  the  main 
portion  of  the  precipitate.  The  crucible  is  then  covered  and  heated, 
at  first  gently,  imtil  the  animonia  is  all  driven  ofif  and  then  moro 
strongly  and  finallv  over  the  blast-lamp*  until  the  niass  ben unes 
w-white.  The  cnicible  is  cooled  in  a  desiccator  and  weighetl. 
By  means  of  the  ignition  the  magnesium  ammonium  phosphate  is 
changed  ínto  magnesium  pyropliosphate: 

2MgNHjn  >4  =  2NH3+  11,0  +  Mg,IV  >r 

From  the  Wttght  p  of  the  latter,  the  amount  of  magnesium 
Q  be  calculated  according  to  the  equatkm, 

Mg?P307:2Mg  =  />:x 

2Mg 
X"-Mg3P30/P' 

he  precipitate  <>f  MgNH4P<  )4+bILi  >  is  Draeticallv  insoluble  in 
2  V  per  cent-  animonia, 

*  li  li  doubtful  w ii«  tber  i!  isaiwaysadvisahk-  u*  Iwat  tliis  precipitate  oa 
the  bUst-Jamp.     CL  Hiltebrand,  Bull.  176,  U.  8.  GeoL  tfurvey,  p.  66, 
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2*  Formation  of  Magnesium  Ammonium  Phosphate  by  Double 
Precipitation  Accordiog  to  the  Method  of  H.  Neubauer.* 

The  slightly  acid  solution  of  the  magnesium  salt  is  treated  with 
an  e  4  Bodimn  phoephafte,  and  then  one-tbird  of  the  rofai- 

tioiťs  volume  of  10  per  rent-  ammonia  is  added  with  eonstant  stir- 
rin^.  After  stunding  four  hours.  the  solution  is  deeanted  thrnugh 
a  niter  and  the  precipitate  i>  washcd  with  a  lít  tle  24  percent,  atn- 
nionia. 

A  littledilute  hydrochloríc  acid  is  now  poured  through  the  filter 
and  íillnuňl  to  run  into  the  beaker  eontaining  the  magnesium  pre- 
cipitate and  the  filter  is  waahed  with  water.  Some  aimnomuin 
chloride  is  now  added,  a  few  dropi  oí  Bodtuxn  phoephate  solution. 
then  one-third  oí  the  liquiďs  volume  of  ammonia.  and  it  is  agaiu 
allowrd  to  stane!  fouř  hours.  The  solution  is  poured  through  a 
filter,  the  precipitate  waahed  three  tinies  by  deeantation  with  2\ 
percent,  ammonia,  fcranaferred  to  the  filter  and  compietely  waahed 
with  the  dilute  ammonia.  The  dried  precipitate  is  treated  as 
abovedeseribed. 

Remark.—hi  the  presence  of  ammonium  oxalate,  the  precipi- 
tation of  magnesium  acconling  to  the  above  methods  is  romplcte, 
but  requires  verv  much  more  time.     In  this  čase  the  precipitat 
filtered   off  after   standing   twenty-four   hours.     It   is   preferahle, 
however,  to  expel  the  ammonium  salts  bv  i^nition. 

Example, — MgSOi+7HtO.  The  commercial  salt  is  recrystal- 
lized  as  deseribed  on  p.  32,  allowed  t* »  drv  fof  twHve  hours  in 
the  air  between  filter-paper,  and  the  magnesium  deteniiined  bv 
either  the  method  of  Gibbs  oř  of  Neubauer. 


Separation  of  Magnesium  from  the  Alkalies. 

The  methods  of  Gíbbe  and  of  Neubauex  serve  to  separate  mag- 
nesium from  the  alkalies  in  those  cases  where  the  detennination  of 
magnesium  is  desired. 

If,  however,  it  ia  deašred  to  Beparate  magnesium  from  the  alka* 
lies  in  order  that  the  lat  tor  may  be  determined.  it  is  aecesBáiy  to 

*  Zeit.  f.  angew,  Cheni.,  1898,  p.  439.  See  also  Gooeh,  Zeit.  f.  anorg. 
Chrni  p  Pd.  XX,  p,  121 
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preeipitate  the  magnesium  as  magnesium  hydroxide  from  a  sólu- 

♦ion  Eree  frorn  aniinoniuin  šalte  by  the  addition  of  barium  hydroxide 

solution.*  The  barium  ta  thvw  removed  by  ammonium  carbonute 

ilir  alkaliafl  determined  m  Úle  filtráte.     I <>r the detailed descrip- 

ti<»n  OÍ  this  u  r  Silieau-  Anuh  - 


METALS  OF  GROUP  IV. 
CALCIUM,  STRONTIUM,  BARIUM. 

Calcium,  Ca.    At.  Wt,  40. 

Forma:  CaO,  CaCO,,  CaSG4. 

It  Determiaation  as  Calcium  Oxide  (Lime),  CaO. 

For  the  determinatiou  of  calcium  as  CaO  it  is  best  precipi- 
the  oxalate  and  converted  to  the  oxide  by  strong  ignition. 

Procedur*, — The  neutra!  or  slightly  ammoniacal  BohttiQB 
which  befiidaa  magQefltum  and  the  alkalies  afaould  euntain  no  other 
iitřtal,  ifl  treated  with  ammonium  chloride,  heated  to  boi ling,  and 
precipitated  by  the  addition  of  a  boiling  solution  of  ammonium 
oxalate.  After  standing  some  time,  the  preeipitate  becomes 
coarsely  rrystallnic  and  Bettles  tr>  the  bot  tom  of  the  beaker,  when 

,  little  more  ammoniiam  oxal&te  solution  is  added  to  make  auře  that 

pmapitation  has  hicu  contplele.  It  Ls  allowed  to  statui  twelve 
hours,  when  the  clear  liquid  is  poured  throngh  a  filterT  the  pre- 
cipitate  is  covered  with  boiling  water,  allowed  to  settle,  filtered,. 
and  the  operát  ion  repoated  three  tinu-s.  1  i  naliv  the  whole  pre- 
eipitate is  transferred  to  the  filter  and  washed  with  liot  water 
uiitíl  free  froin  chloride.  The  preeipitate  is  warmed  id  the  bot 
closet  until  nearly  dry,  when  it  is  placed  togethcr  with  the  filter 

a  platinum  crueible  and  ignited  wefc  It  should  be  beated 
cautiously  at  first  in  order  that  the  too  rapid  evolut ion  of  carbonic 

le  mil  not  cause  loflB.  After  the  filter  is  bumt  the  crueible  is 
and  stronglv  heated  at  first  over  the  Teclu  burner  and 
finally  over  the  blast-lamp  for  twenty  minu: 

The  crueible  while  stih*  quite  warm  is  placed,  in  the  desiceator 

mi  in  Kg,  7.  near  an  open  wcighing-bcaker  and  allowed  to  re- 
main  there  for  one  hour.  Dnring  the  eooling,  the  air  enters  the 
<>i\  through  the  U  tube,  whose  outer  half  is  filled  with 
*  Cf.  foot-notc  to  page  61. 


GRAWMETR1C  ANJLYSIS. 

soda-Iime  and  whose  inner  half  contains  calcium  chloride,  in  a  drv 
condition  and  free  from  earb<mir  acid  gas.  The  crueible  is  DOW 
placed  íb  the  weighing-beaker,  quickly  covered  and  allowcd  to 
stand  for  half  an  honr  in  the  air  near  the  balance,  after  which  it 
is  weighed.  The  crueible  is  again  heatcd  uver  the  blast-lamp  for 
ten  minu  tes  and  is  cooled  in  cxactly  the  samé  way  and  weighed, 
Should  the  weight  not  be  found  constant,  the  process  must  be 
repeated.  The  above  directions  when  carefully  followfed  usually 
enable  one  to  obtain  a  confltant  weight  on  the  second  ignition. 

Example* — Calcite:  0.5  gm,  of  the  finely  powdered  materiál 
which  has  been  dried  at  100°  is  plaeocl  in  a  300-e.c.  beáker  and 
moistened  with  20  c.c*  of  watcn  The  beaker  is  covered  with  a 
watch-glass,  cxmoentrated  hydrochloric  acid  is  added  drop  by  drop, 
and  the  liquid  is  finally  heated  until  all  is  dissolved.  The  solution 
is  then  bailed  for  fifteen  minu  tes  to  expel  all  carbon  dioxide,  neutral- 
i/rd  carefully  with  ammunia.  dihlted  with  150-200  c.e.  of  hotwater, 
and  precipitated  with  anunomurn  oxalate  as  above  describcd. 

Rttnark\ — If  both  solutions  are  not  boilíng  hot  during  the 
precipitation,  the  calcium  oxalate  forms  very  fine  crystals;  it 
tin-n  settles  very  slowly  and  passes  readily  through  the  hlter. 

Calcium  oxalate  is  almost  insoluble  in  water  and  aeetic  acid, 
but  readily  soluble  in  minerál  aeids. 

2.  Determination  of  Calcium  as  Sulphate,  CaS04. 
Thh  meíhnd  is  clňenV  ušed  for  the  analysis  of  calcium  šalte 
of  organic  'aeids.  For  tliis  purpose  the  calcium  salt  is  ignited  in 
a  Wttghfid  plaťmum  crueible,  after  which  the  crueible  is  covered 
with  a  watch-glass,  carefully  treated  with  dilute  sulphuríc  acid 
and  warmed  upon  the  water-bath  until  therc  ifl  no  longer  any 
evolution  of  carbon  dioxide.  The  under  side  of  the  watch-glass 
is  carefully  wasbed  and  the  liquid  evaporated  as  far  as  possible 
on  the  bath.  Tlie  excess  of  sulphnric  acid  is  then  carefully  driven 
off  by  inclining  the  crueible  and  heating  over  the  free  fláme  (of 
in  an  air- bath)  (cf.  Fig.  llt  p.  28).  The  residiie  is  geníhj  igníteii 
and  weighed.    By  Btnmg  ignitioDj  priffin™  sulphate  Iceen  sí  )r* 

*  0,2052  gm,  CuSU4  mnainrd  imrhnngcd  in  Wťight  aftťr  henting  for  one 
hour  to  dark  ivdnesš;  but  on  heating  with  the  full  fláme  of  a  Tedu  bumer, 
it  lost  0.00O4  gpL  in  weight.  On  heníing  for  one  hour  ovor  tht*  bUst  Inmp 
H  lost  0.0001  gin.     (J.  W< 
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Calcium  may  also  l>e  precipitated  as  raleium  sulphate.  The 
solution,  whích  should  contain  as  little  free  acul  aá  possibfe,  is 
toeated  with  an  exceaa  of  dilute  sulphurio  acid,  fuur  volume*  of 
aleohul  are  added,  and  the  mixture  is  allowed  to  stand  12  liours. 
lt  is  then  filtered  off,  washed  with  70  per  cent.  almhol,  dried, 
separatcd  from  the  filter  as  completely  as  possíble,  tlie  niter  bumed 
in  a  platinum  spirál,  and  the  ash  added  to  the  ruain  part  of  the 
prceipitate  in  a  platinum  crucible,  gently  ignited  and  weighed. 

3,  Determination  of  Calcium  as  Caxbonate,  CaCOs. 

OnJy  in  rare  cases  is  calcium  precipitated  as  earbonate  by 
arnmonium  earbonate  in  the  presence  of  amnmnia.  The  filtered 
and  washcd  přeci pi ta te  is  gently  ignited  and  weighed  as  earbonate. 
After  weighing  it  is  necessary  to  moisten  the  residue  with  a 
litťle  arnmonium  earbonate  solution,  evaporate  to  drvness  on 
the  water-bath,  and  again  ignite  gently.     This  is  dnně  in  order  to 

Dgl  .-mail  amuimts  of  calcium  oxide,  which  may  háve  been 
formed  dtiriug  the  burniiig  of  the  filter-paper,  back  to  earboji: 

In  the  1  iderabk  ammonium  chloride  the  pře- 

eipitation  of  calcium  by  ineans  of  animonium  rarbonate  is  not 

lite  complete,  whereas  the  precipitation  with  ammomum  oxalaie 

,lways  is.     Consequciitly  it  is  advisablc  in  all  cases  to  precipitate 

the  calcium  as  oxalate  and  weigh  it  as  the  oxide, 

STROifTIUM,  Sr.     At.  Wfc.  87.6. 
1  'oniis:  SrS04,  SrCO„  SrO. 
The  determination  as  the  sulphate  is  the  most  aceurate. 

Determination  of  Strontium  as  Sulphate,  SrS04, 

Procedur* — To  the  neutra)  solution  containing  strontium,  a 

coiLsiderable  excess  <«ť  ililute  sulphuríc  acid  tfl  added  and  as  much 

-hol  as  there  i-  volume  of  solutiom     After  stirring  well,  the 

mixture  is  allowed  to  stand  twelve  hours1  filtered  and  washed  at 

first  with  50  per  cent.  alcohol,  to  wkich  a  hule  sulphurie  acid  has 

Ird,  and  tinally  with  pure  aleohol  nutil  lbe  wash  water 

longer  gives  the  sulphuríc  acid  reaction.     The  precipitate  ifl 
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dried  a  i  ni  ignited  as  described  under  the  determination  of  ť£ 
cioin  as  sulphate. 

SolubilUtf  o]  StToníium  Sulphate  according  to  Frcscnius. 

6895  parts  of  water  at  the  ordinary  temperature  (17-20°)  dis- 
solve  1  part  of  SrS<  >v 

9638  parts  of  builing  water  dissolve  1  part  SrS04* 

The  sulphate  is  less  sohible  in  water  containing  sulphuric  acid: 

12,000  parts  of  watvr  rnntaming  sulphuric  acid  dissolvea  1  part 

BrSI  >«, 

In  cold,  dilute  hydrochloric  or  nitric  acid,  strontium  sulphate  is 
considerably  more  soluble,  and  also  in  solutions  containing  acetic 
acid,  magnesium  chloride,  or  alkali  chloride, 

If,  therefore,  considerable  free  acid  is  prcsent,  it  should  be 
removed  by  evaporating  the  solution  to  dryncss  and  dissolving 
the  residue  in  water,  The  strontium  is  then  precipitated  as  above 
described. 

Determination  of  Strontium  as  Oxide,  SrO, 

The  strontium  is  precipitated  as  carbonate,  oř  in  some  cases 
as  oxalate,  and  changed  by  ignition  to  the  oxide  as  described 
ttnder  ndcium. 

Solubiíity  o/  Stntjrfiuni  Carbonate  in  Water  according  to  Freseniuš. 
18,045  parts  of  water  dissolve  at  ordinary  temperatures  1  partof 

In  water  containing  amnionium  carbonate  the  salt  is  much 
less  sohible,  while  ammonium  chloride  and  ammonium  nitráte 
increase  its  solubiíity. 

In  čase  calehim,  strontium,  magnesium  and  alkali  salts  are 
preeeat  together,  as  in  minerále  and  in  minerál  waters,  the  caleium 
and  strontium  are  both  precipitated  as  oxalates  and  transformed 
by  ignition  into  the  oxides.     Cf.  p.  72. 

8ohíbUUy  of  Strontium  Oxalate  in  Water. 

12.000  parta  of  water  at  ordinary  temperatures  dissolve  1  part 
of  E  -'HA 
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The  solubility  is  very  much  less  iu  water  contaming  amnionium 
oxalate. 


BARIUM,  Bft.     At.  Wt  137.40. 

Forrns:  BaS04,  BaCrO„  BaCOa. 

1.  Determination  as  Barium  Sulphate. 

The  solution,  slightly  acid  with  hydrochloric  acid,  is  heated  to 
boilítig  aiul  pranpHatod  by  the  additiou  rf  an  excese  óf  hotj  dilutc 

Milpinitir  acid.     It  is  allowcd  to  sland  on  the  water-bath  until  tlie 
tte  has  settled ,  the  solution  is  then  poured  through  a  íiltei , 
an.l  the  precipitate  is  washed  four  timcs  with  50  c.c.  of  water  to 
whic  r  drops  of  sulphurie  acid  ha  ve  beea  added.    The  pre- 

cipitiite  is  tranefcrred  to  the  filter  and  washed  with  hot  water 
until  the  wash  water  ceases  to  give  the  sulphuric  acid  reaetitin. 
It  is  then  dried  soinewhat,  igjoited  wet  in  a  platimnn  crucible,  and 
weighed  wtíhotU  previoua  heating  over  the  blast-lamp. 

Rematk — By  the  combustion  of  the  filter-paper  there  is  ah 
partia]  reduction  of  the  barium  sulphate  to  sulphide,  but  the 
atter,  on  being  gently  ignited  in  an  inelined  crucible,  is  readilv 
chantred  back  to  sulphate,  so  that  there  Í8  DO  loss  to  be  f ca rod. 

The  proceduře  for  the  determination  of  barium  as  earbonate  is 
the  samé  as  was  descril>ed  under  calcium. 

Sdtíbiliiy  of  Barium  Sulphale  in  Water.—  833,000  parta  of  water 
dis&olvc  1  part  of  BaS04. 

2.  Determination  of  Barium  as  Chromáte. 

The  neutral  solution  of  the  barium  salt  is  diluted  to  about  200 
c.c,  treated  with  4-6  drops  of  acetie  acid  (sp.  gr;  1.065),  heated  to 
boiling,  preeipitatcd  with  a  slight  excess  of  anmionium  chromáte 
(prepared  by  addinír  ammonia  to  a  solution  of  arnnionium  biehro- 
mate  free  from  sulphate,  until  the  color  beconics  yellow).  and 
allowcd  to  cool.  The  precipitate  is  filtered  off  through  a  Cíooch 
cnicihle  and  washed  with  hol  water  until  20  dropa  of  the  filtráte 
give  scarecly  any  reddiah-brown  coloration  with  a  neutral  sohitimt 

ilver  nitráte.    Tlie  precipitate  is  dried  in  the  bot  (doseti  after 
which  the  crucible  is  fastened  to  a  targer  porcdaisi  crucible 
means  of  an  asbestos  ring,  so  that  there  rcmains  a  space  of  about 
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\  cm.  i>etween  the  two  GTtieihléa  (ef.  p.  25),  and  the  open  cnicible 
18  igrkited  over  the  free  lianie  until  the  prccipitate  becomes  a  bright 
yeflow,* 

Št>l  ubil  i  tif  of  Barium  Chroruntej 

Síi,íí57  parts  of  water  at  ortlinarv  temperatures  dissolve  1  part  BaCrOÉ. 
ni     u       "  hoďme;  waUT  dissolve  1  part  BftGrO*. 
E81    '*      "  a  0.7ó  percent,  arniuonium  acetate  solutUm  (at  15°)  dissolve 
1  paří  \W 
15,152  parts  of  a  0.5  percent,  ammoninrn  nitráte  solution  (at  14°)  dissolve 

1  part  BaCr04. 
23,555  parts  of  a  1.5  per  rent.  ammonium  acetate  aolution  (at  15°)  dissolve 

1  part  BaGrOA< 

22,9.HS   part*  of  0.5  per  cent.    nriiriMiimin    nitrát*?  salut  ion   dissolve   1   part 
BaCrOr 
3,670  parts  of    1  per  erat.  aeetie  tieid  solution  dissolve  1  part  BaCr04. 
2,618     M     "    6   *'      "         u       "         "  M        1    u 

1,986     "      "  10   u      "  "        "  "  w         1     " 

1,813     w      "   10    u      "       chromic  acid  solution  dissolve  1  part  BaCrOv 

The  solubility  of  barium  chromáte,  therefore,  inereases  con* 
Bsder&Uy  wíth  incre&etng  emicentrations  of  either  aeetie  oř  chromic 
acids;  the  .sul  ubili  ty  is  affected  to  a  much  less  degree  by  solutions 
containang  neutra!  ammonium  salts.  By  the  ndditions  of  small 
amounta  <>f  neutra]  ammonium  chromáte  the  solubility  becomes 

ened  t<>  nearly  zero. 

Separation  of  £U  Alkaltne  Earths  from  Magnesium  ano 
WBlCOí  tuk  Alkalies. 

I.  Separation  of  Calcium  from  Magnesium  (and  Alkalies). 

The  separation  dependa  upos  the  differcnt  solubilities  of  the 
two  oxalates.  Calcium  oxalate  is  practically  insoluble  in  hot 
water,  whereas  magnesium  oxalate  is  relatively  solublc. 

1500  parts  of  eold  water  d^sulve  1  part  of  MgvV>4+2H,0. 

1300  parts  uf  boiHng  water  dissolve  t  part  oř  WflOA+2B»0, 

♦Oftentime^  small  amoimts  of  the  precipitate  rne  tfedttoed  to  chromte, 
oxide  by  tffftOti  of  orgnnic  matter,  wherchy  it  fcppeara  ďightly  preenish. 
By  foQg-eOfl&ÍIlUed  ifrnitíon  in  an  Open  CTUCible,  ti  10  chromic  oxide  is  chaneed 
baek  to  éhroniate,  when  the  precipitate  appears  a  homogeneous  ye!Iow 
tlftOUghouJ . 

t  I\  SehwdMT,  Z«-it.  F.anaLChem.,  1S90,  p,  414,  and  R,  Fresenius,  Z<át  f. 
anal.Chem.,  Is9e,p.4l8. 
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llagnttiiim  oxalate  i*.  however,  much  more  soluble  in  water 
rontMitiim:  :i n  c\h»  of  runmuaiurn  oxalate,  owing  to  the  formation 
of  complex  salts. 

From  th i-  is  derived  the  foUowmg  rule:    The  separaivm 
také  pfett  ■  nj  diíute  sol ut ion  and  in  tft< 

nmtuum  oxalate. 

Ií.  hmvever,  the  amount  of  magnesium  present  Ls  large,  a  singl':- 

cipitatícm  of  the  calcium  dott  DOt  insure  a  complete  separaťmn, 
but  ■  double  predpitation  is  neces^m. 

L  Proceduře  ín  thů  Prem  nee  oj  Little  Magnesium. — The  w>Jn- 

tion,  which  shouM  cnntain  about  1  gm,  of  CaO  but  les*  than  0,01 

gni,  of  MgOjil  treate<l  with  20  c.e.  of  ammonium  chloride  m Ů nivu 

(in  čase  it  ia  not  alrea«lv  proaflat)  rliluted  to  a  volume  of  350  400 

he&ted  tu  boiiing  :m<l  pftoipit&tod  with  a  considerable  exeess 

boiiing  ammonium  oxalate  solution.     After  staitíling   twe 
hours,  the  precipitate  of  caháum  oxalate  is  filteretl  off.  washed,  amí 
ignited,  as  describetl  on  p.  65.      In  ortler  to  deterrnine   the  mag- 
nesium in  the   filtráte,  it   is    evaporatecl  to  dryness  (in  either  a 
platinum  or  porcelain  tlLsh)t  the  ammonium  salts  are  recaoved  by 

tle  iiMiition,  the  reeádue  is  warmed  fer  Bome  timeon  the  water- 
l>ath  with  ;i  little  hydrochlorifl  acid,  and  the  earhoiiaeeous  residue 

iltaned  off.  The  magnesium  is  then  precipitated  as  magnesium 
ammonium  phosphate  and  weighed  as  magnesium  pyrophosphate 
acconling  to  the  directums  ob  p.  02.* 

*  Rrmark. — It  mny  not  be  .superfluoua  to  iinagitie  a  rtrittitril  herc?  which 
is  often  mado  by  begimiers  If  an  insufficient  amount  of  ammonium  oxa- 
late was  added,  thp  filtráte  will  ootitolfi  raháum  as  well  as  magnesium,  and 
both  will  be  preeipitated  together  oo  the  additiím  of  todtam  ammonium 
phosphate  and  ammonia  but  00  BOOOOnt  of  the  amorphous  eonsislenev  of 
ihe  i-alcium  phosphate  ita  presence  is  usimlly  notireiiblc.  In  order  to  sepa- 
rate  out  the  ralcí um  from  the  mbtture  of  the  two  phosphates,  the  pm 

ter  having  stood  twelve  hours)  is  lihered,  waibed,  and  dSMolved  In 
as  little  hydrochloric  acid    >  ,  after  which  aramoiiia  is  added  until 

tlie  •ohltioxi  is  alkalinp,     The  solution  is  then  strongfy  aoidified  with  tcetfc 
acid.  heated  to  ÍKiilin^,  and  the  ralnum  precipitated  by  metat  of  I  boiiing 

iiiMi  of  amrnoitiuni  oxalate.  Aftc  r  stunding  twelve  hours,  the  ealchun 
oxalate  is  filtered  off,  waebed  with  hot.  dilute  ecetk  acid,  igotted  wrt.and 
weighed  as  the  oxide.  The  filtrát*-  is  evaporated  to  d  I  JIHU  II  I,  tlie  animonimn 
euJts  again  expelled,  the  reeiduť  dieaolved  b  a  little  dilute  hydrochlnric 
acid,  and  the  magnesium  preeipitated  in  the  usual  way. 
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2.  Proceduře  in  the  Presence  of  Large  Amouvis  of  Magnesium, — 
The  íirst  predpitation  of  the  ealriutn  is  performed  as  juat  deseribrd. 
After  standing  twelve  hours,  the  rlear  supernatant  liquid  is  poured 
throagh  a  filter,  the  residne  ifl  washed  fouf  times  by  deeantation 
with  100  ex.  of  hnt  water,  the  beaker  eontaining  the  precipitate  is 
then  placed  under  the  fumicl,  and  the  sinal]  amount  of  ealcium 
oxalate  on  the  filter  is  removed  by  first  filling  the  funnel  with  hot, 
cfistdlcd  water  and  then  ponring  on  the  filter  some  oe&oeiltmtod 
hydrochloric  acid  (if  the  hydroofaloric  and  Wívre  addfid  íirst,  the  filter- 
paper  would  be  destrovcd),  and  then  finally  washing  thoroughly  with 
hol  water;  The  sólu tion  which  is  usually  turbid  is  heated  to  L<  lilffig, 
adding,  if  necessary,  more  of  the  ^cicl  to  effect  complete  solution. 
The  elear  solution  Ls  treated  with  2-^  c.e.  of  ammonium  oxalate 
sólu t ion,  and  aminonia  is  added  in  slight  cxcess,  and  after  beiiiir 
allowed  fco  Btand  for  twrlve  hours  the  calcium  oxalate  is  filtcred  off# 
washed,  and  cnnverted  to  oxide  by  ignition. 

The  fcwo  filtratcs  are  eombined  and  treated  as  deseribed  under 
1  for  the  magnesium  determination. 

IL  Separation  of  Strontium  from  Magnesium* 

This  separation  finds  practieal  application  in  the  analysis  of 
almost  all  minerál  waters  and  of  minerals  eontaining  strontium. 
In  all  of  these  eascs,  however,  strontium  oceniv  in  relatively  sinali 
amounts  in  the  presence  of  large  amounts  of  ealcium  and  varying 
amounts  of  magnesium,  so  that  it  is  a  question,  hrst,  of  separatiag 
ealrium  and  strontium  from  magnesium*  This  separation  is 
by  tfae  precipitation  of  the  ealcium  and  strontium  as 
oxalaU'-  U  deseribed  on  pp.  66  and 

The  filtráte  rontainiiiir  magaeriltm  tB&y  Bkko  contain  fcraeefl  of 
strontium;  hence,  after  the  removal  of  the  ammonium  sulís  by 
ignition.  the  reaidue  is  dissolved  in  hydrochlorie  acid,  Bulphuric 
acid  and  akohol  are  added,  and  the  solution  is  allowed  i 
for  twelve  hours*     Anv  preHpitate,  eonsisting  of  stron- 

tium or  barium  sulpliate,  ifl  íiltered  ort  and  weighed.  From  this 
filtráte  the  magnesium  is  precipitated  aa  magnesium  ammonium 
phaBphate  as  deseribed  on  p,  62,  and  weighed  as  the  pyrophos- 
phate. 
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III.  Separation  of  Barium  from  Magnesium. 

In  čase  it  is  desired  to  separate  only  barium  from  magnesium, 
the  solution  (which  must  be  free  from  nitric  acid)  is  acidified 
with  hydrochloric  acid,  heated  to  boiling,  and  the  barium  precipi- 
tated  by  the  addition  of  boiling,  dilute  sulphuric  acid  (cf.  p.  69). 
The  magnesium  is  precipitated  from  the  filtráte  as  magnesium 
ammonium  phosphate  in  the  usual  way.  In  most  cases,  however, 
a  separation  of  barium,  strontium,  and  calcium  from  the  magnesium 
is  involved.  For  this  purpose  the  three  alkaline  earths  are  pre- 
cipitated as  oxalates,  and  any  barium  or  strontium  remaining  in 
the  filtráte  is  precipitated  as  described  under  II.  The  magnesium 
is  determined  in  the  finál  filtráte. 

IV.  Separation  of  the  Alkaline  Earths  from  One  Another. 

Principle. — The  mixture  of  the  dry  nitrates  is  treated  with 
ether-alcohol,  which  dissolves  calcium  nitráte  alone.  The  residue 
is  taken  up  in  water,  the  barium  is  precipitated  as  chromáte,  and 
the  strontium  is  determined  in  the  filtráte  as  sulphate. 

PROCEDUŘE. 

(a)  Separation  of  Calcium  from  Strontium  and  Barium  accord- 
ing  to  Rose-Stromeyer-Fresenius. 

The  three  metals  are  assumed  to  be  present  together  in  solution 
in  the  form  of  their  nitrates.  The  solution  is  evaporated  in  a 
small  Erlenmeyer  flask,  as  described  under  lithium,  p.  51,  in  an 
oil-bath,  meanwhile  passing  a  stream  of  dry,  warm  air  through  the 
flask.  When  all  the  water  is  evaporated.  the  temperature  of  the 
bath  is  raised  to  140°  C.  and  maintained  at  this  temperature  for 
one  to  two  hours,  still  passing  the  current  of  warm  air  through 
the  flask.  After  cooling,  the  dry  residue  is  treated  with  ten  times 
its  weight  of  absolute  alcohol,  corked  up,  and  allowed  to  stand 
with  frequent  shaking  for  one  to  two  hours.  An  equal  volume 
of  ether  is  now  added,  the  flask  closed,  shaken,  and  again  allowed 
to  stand  twelve  hours.  It  is  then  filtered  through  a  filter  moist- 
ened  with  ether-alcohol  and  washed  with  ether-alcohol  until  a  few 
drops  of  the  filtráte  evaporated  on  platinum-foil  leave  no  residue. 
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The  filtráte  is  evaporated  to  dryness  in  a  Iukewarm  water-1 
ti ip  calcium  nitra  -<  »lved  in  water,  preeipitated  as  the  oxalate, 

and  after  ignitíon  is  weighed  as  the  oxide. 

Bemark. — In  čase  on  oall  amount  of  calcium  is  present 

(not  more  than  about  0.5  gni.)  the  &bove  -eparation  is  complete. 
WHfa  large  amounts  of  calcium*  the  residue  of  strontium  and 
barium  nitrates  almost  always  contains  soím  cakium.  In  this 
čase  the  aqueous  solution  is  ag;iiu  evaporated  to  dryness  in  the 
samé  way  as  before  aiul  the  treatment  with  alcohol  and  ether  re- 
peated.      The  calcium  is  thm  determinaci  in  the  eombined  Sftrai 

Thisseparation  řinds  application  in  the  analysis  of  most  min- 
erál wat<Ts. 


(6)  Separation   oř  Barium   frora  Strontium   according  to 
Fresenius, 

Rťquirem<nl$.—1>  A  solution  of  (XHJjCrO^  (1  c.c.  of  the  eolu- 
lion  should  contaio  0,1  gm.  of  the  salt).  The  solution  is 
prepared  by  adding  ammonía  to  a  solution  of  ammonium 
bichromate  tfree  from  sulphate)  until  the  color  of  the  solution 
btromes  yeUow.  The  solution  should  be  left  acid  rather  than 
a  lkali  ne. 

2.  A  solution  of  aminonium  acetate  (1  c.c.  containing  0-31  gm. 
of  the  salt). 

3*  Acetic  acid  of  sp.  gr.  1.065. 

4.  Nitric  aeid  ofap.  ^r.  1  2«  ► 

Proceduře.— The  residue,  mnsisting  of  strontium  and  barium 
nitrates,  i-  dittolv&d  in  a  lit  tle  water  and  diluted  until  the  concen- 
tration  corresponds  to  300  c.c.  of  soJution  for  every  gram  of  the 
salt  inixture.  The  solution  is  heated  to  boiling,  six  drops  of  acetic 
máá  aru  l  about  10  c.c.  of  ammonium  chromáte  solution  are  added 
(this  should  be  an  excess  over  the  theoretical  amount  neeessary) 
mu  I  alb  met  1  to  stand  one  hour.  The  precipitate  of  barium  chron  u 
is  washed  by  deeantation  with  water  containing  ammonium  chro- 
máte until  the  wash  water  no  longer  gives  a  precipitate  with  ammo 
nia  and  ammonium  carbonate;  it  is  then  washed  with  pure  hot 
water  until  the  last  washiug  gives  only  a  slight  reddish-brnwn 
coloration  with  neutra]  silver  nitráte  solution.  The  precipitate 
on  the  filter  still  contains  a  lit  tle  strontium.    It  is  carefully  washed 
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baek  into  the  vessel  in  which  the  precipitation  took  pláce,  while 
iíiiv  precipitate  remaiuin£  oú  the  filter  is  dissolved  in  a  little  warai 
dilute  nitrie  aciti  and  mabed  into  the  dish,  fiímlly  atlding  enough 
nitrie  acid  t<>  the  praápitata  bo  tíbftt  it  diascdvaa  emnpletelv 

g  (about  2  c.c.  of  nitric  acid  being  usually  imcmmij)  The 
■OJU&iOEI  is  then  dilutcd  to  200  ť.c  .  heated  to  boiling,  treated  with 
S  <-•  c.  of  amnioniutn  au  tlution,  added  little  by  little,  I 

dly  with  enough  atmnoninni  chromáte  to  cause  the  disappeaiv 
auce  of  the  odor  of  acetic  acid  fnmi  the  solution  (uMially  obout 
10  c.c.  are  necessary).  Áftttr  standing  one  hour  the  liqtiid  Ls 
pnured  through  a  Goocb  crucible,  the  residue  is  treated  in  the  d 
with  hi»t  water,  allowcd  \^  ím»í>1,  then  filtered  and  washed  with  cold 
water  until  the  filtráte  gi  a  slight  opalescence  with  neutral 

>ilver  nitráte.  The  predpit&te  ia  dried,  ignited  gently  in  an  air- 
bath  (cf.  p.  69) ,  and  weighed. 

The  results  obtaiaed  ftccording  to  this  mcthod  are  very  satis- 
factory.  Ebcperimeflta  perfoxmed  íu  this  laborat«»ry*  coinpleteJy 
confinn  the  rosults  obtained  by  IVesenius. 

ftemark. — In  the  opinion  of  the  author,  all  otlu/r  mcthods  for 
the  separation  of  the  alkaline  earths  *iive  incoirect  results;  for 
that  reason  thev  will  not  l>e  di  KS  thlfl  book. 


METALS   OF    GROUP   III. 

ALUMINIUM,  CHROMIUM,  TITANIUM,   IRON.  UHANTUM,  NICKEL, 
COBALTt    ZINt\    AND    MANGAN! 

A.    DIVisi- '\   OF  THE  8ESQUIOXIDES 

ALUMÍNIÍ  \],  QBMi  klíIUM,  IimX,  AND  TITAXIUM. 

ALUMINIUM,  AI     át  Vft  27.1. 

I  mm:  A1,05. 

b  Older  to  deterraine  alumínium  in  this  fórm,  the  metal  fa  pre- 
cipitated  as  Lta  hydroxide  and  converted  to  \t<  oxide  by  igniti«»n 
of  the  precipitate. 

*  The  results  of  aeven  experimente  gave  (a)  for  the  perrentnge  of  ba 
cfcrotBAto  obtaroed  >9,  1003,  100.4,  100.7,  100.6;  mean,  mn:: 

for  stfontium  sulphate,  100.9,  99.73,  99.S6,  99.84t  99.47,  99.77, 
90.6;  meao,  99.75  per  cent.     (H.  BchmtdtO 
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It  must  not  be  forgotten,  however,  that  aluminium  hydroxide 

te  in  a  Boluble  íonn  (hydrosol)  and  in  au  ineoluble  Foím  (hydro 
gel)j  and  íurthcr  that  the  hydrosol  is  not  completely  (hnusní  by 

mg  into  insoluble  hydrogeL  To  accomplish  this  the  pieeenea  of 
Bftka  in  snhuiňii  (preferably  ammonium  Balte)  is  also  nccrssary. 
Since,  however,  ammonium  salts  beconie  acid  on  tang  hoiling  (dne 
to  the  eeeape  ol  ammonia)  there  is  danger  rf  the  aluminium  hy- 

h  Ir  I  leiog  rcdissolved.  Furthemiore,  it  is  trne  that  t 1 \v  hydn  *gel 
gradually  changBB  over  into  hydrosol  by  standing  in  a  solution 
coutaining  only  a  small  amount  of  dissolve<l  salt-s,  oř  by  remaining 
in  a  bot  solution  eontaining  ordy  a  sinali  amount  of  dissolved 
salts. 

1  ji.ni  these  factfl  the  foOowing  proceduře  is  derived; 

The  solution  rontaiíiiiiií  the  aluminium  (bul  no  phosphorie 
aetd,  i-r  anything  blit  aluminium  that  is  prccipitated  by  ammonia) 
i-  treated  with  oonsiderable  ammonium  chloride,  oř  ammonium 
nitráte,  beated  to  boiling  in  a  platinum  or  ponvlaín  vesscl.  and 
a  slight  excess  of  ammonia  is  added,  The  precipitate  is  allowed  to 
aettle,  after  which  the  clear  solution  is  poured  through  a  filter 
which  reste  on  a  platinum  eone,  bul  without  applyiog  suctiom 
The  precipitate  is  washed  three  timee  by  decantatioa  with  hot  water 
to  which  a  drop  of  ammonia  and  a  little  ammonium  nitráte  has  beeo 
added.  and  finally  transferred  to  the  filter.  The  precipitate  is 
now  washed    as    quickJy  as   possible   with    the    hol    wash   liquid 

that    the  precipitate  is   thoroughly  churned   up   each    time) 

I  the  filtráte  eeaaCB  to  gi ve  a  test  for  chkttine.  The  pre- 
cipitate is  theu  dried  as  completely  as  poasible  hv  the  appíica- 
tiun  of  BUCtion  and  ignited  wet  in  a  platinum  erucible.  After  the 
preeipitatr  and  aeh  havc  beoome  whitc,  the  ooyered  enicibk  is 
beated  over  the  blast-lamp  for  about  ten  minuti-,  cooted  in  a  desic- 
oator  and  wetghed.  The  process  is  repeated  until  a  coastant 
wetgjbl  i-  obtaisecL 

EwtmpU;  Alum. 

If  the  solntion  contuins  ordy  aluminium  in  the  fortn  of  ite  Dhlo^ 
ride,  níta  mlphate,  it  can  be  detennioed  by  evapomting  the 

Ution  ín  B  platinum  erucible  on  the  water-hath  with  the  n 
tion  of  a  little  BUiphuiie  acid.  the  excess  of  the  Jatter  being  finally 
removed  by  cautious  heating  over  the  free  fláme  in  an  inelincd 


IRON. 


77 


crucible.    The  residue  of  aluminium  sulphate  is  then  clianged  by 
«trong  ignition  over  the  blast-lamp  to  the  oxide. 

ln  the  čase  of  organic  salts  of  organic  acids,  the  oxide  is  readily 
obtained  by  careful  ignition  of  the  salt  in  a  platinum  crucible. 


IRON,  Fe.    At.  Wt.  56. 
Forms:  Ferric  Oxide,  Fe208>  and  Metallic  Iron. 

Determination  as  Fe2Os. 

This  is  the  form  chiefly  ušed  for  the  gravimetric  determination 
of  iron.  The  solution  containing  the  ferric  salt  in  the  presence 
of  ammonium  chloride  is  heated  to  about 
70°  C.  in  a  porcelain  dish  or  Jena  beaker 
and  precipitated  by  means  of  a  slight  excess 
of  ammonia.  The  precipitate  is  washed  by 
decantation  with  hot  water  and  finally  with 
a  strong  stream  of  hot  water  f  rom  the  wash- 
bottle.*  lt  is  ignited  gradually  at  first  in 
a  covered  platinum  crucible  and  finally  in 
the  half-covered  crucible  over  the  Teclu 
burner.f  The  ferric  oxide  obtained  varies 
in  its  appearance  according  to  the  tempera- 
ture  to  which  it  has  been  heated.  Gently 
ignited  ferric  oxide  is  reddish  brown,  whereas 
when  strongly  ignited  it  has  almost  the 
appearance  of  graphite.  Both  forms  are 
difficultly  soluble  in  dilute  hydrochloric 
acid,  but  can  be  readily  dissolved  by  digest- 
ing  with  concentrated  hydrochloric  acid  on  the  water-bath. 


Fio.  26. 


*  For  this  purpo8c  a  wash-bottle  such  as  is  shown  in  Fig.  25  is  iiseful. 
By  blowing  through  the  long  arm  of  the  V  tube  (which  is  provided  with  a 
Bunsen  val  ve)  and  placing  the  thumb  over  the  short  arm  a  continuous 
stream  of  water  is  maintained  which  can  be  stopped  at  any  time  by  removing 
the  thumb. 

t  It  is  not  advisable  to  heat  over  the  blast  on  account  of  the  danger 
of  forming  some  Fe,04. 
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If  the  iron  is  in  solution  either  as  the  ferrons  or  ferric  salt  of  a 
volati le  acid,  itean  be  rcadily  converted  Ento  ferric  oxide  by  evapo- 
ratiuii  with  sulphuric  acid  and  ignition  of  the  residue, 

2.  Determination  as  Metallic  Iron. 

Iron  may  be  determined  by  electrolysis,  but  this  method  offers 
do  advantages  over  the  gr&vSmetric  method  juflt  deecribed  oř  the 
foHowing  volunietric  proeew,  so  that  it  will  not  be  discussed  in  this 
book. 

In  the  čase  of  the  analysis  of  oxide  iron  ores  oř  of  mixturcs  of 
considerable  iron  oxide  with  eornpanitively  little  alumina,  titanium 
dioxide,  or  silica,  the  folio  wing  method  i<  accurate  and  rapid. 

The  tfaoTOUghly  ignited  substance  containcd  in  a  porcelain 
boat  is  introduced  bito  a  tube  of  tlifficiihJy  fusible  glass  and  heatcd 
to  reiiness  in  a  stream  of  dry  hydrogen  until  no  more  drops  of 
water  condense  on  the  coul  front  eml  of  the  tube.  By  this  means 
the  ferric  oxide  is  reduoed  to  metallic  iron: 

FeA+3H,  =  3HaO-fI<  ,. 

After  cooling  in  the  stream  of  hydrogen,  the  boat  and  its  contents 
are  again  weighed.  The  loss  in  weight  p  represents  the  amount 
of  oxygen  originally  eombined  with  the  iron,  from  whicfa  the  amount 
of  iron  can  be  calculated: 

ZO:Fe1=p:x 
Fe, 


The  result  may  be  confirmed  by  passing  the  aqueous  vapor 
through  a  ralcium-chloríde  tube  and  áetennining  the  gain  in  weight 
of  the  tube.  From  the  weight  of  water  involved  p  the  amonut 
of  iron  may  be  calculated* 

3H30:Fe,-p:x 
Fe, 


x= 


3HX) 
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It  is  still  more  accurate  to  dissolve  l\w  mt-tallic  iron  produoed 
in  dilute  sulphuric  acid  oul  of  contact  tvitfa  the  air  and  detennining 

the   amount    present  \ ( ►liiímt i irally  by  titraíiug    with    potassiuiu 
nanganatf  sulutiuli. 


3.  Volumetric  Determination  oř  Iron,  according  to  Margueritte,* 

Althuugh  the  volumetric  methods  are  discussed  in  the  seoond 
part  of  this  book,  this  detcrminiitinn  is  BO  tmportant  and  is  so 

ea  ušed  to  test  the  purity  of  the  ítoe  oxide  produoed  by  a  gravi- 
metric  analysis  that  it  seems  proper  to  discuss  it  at  this  pláce* 

PrineipU  of  th*  \hthod. 

Ferrous  salts  are  uxidized  by  potSWUSl  pennanganate  in  acid 
solutioTi  to  ferric  salts; 

2K.M1K  )«+  \0VoSi  ►«+  8Hj»  \  -  Kj804+2MnS04+ffl^l  >+5FeI(SOf)r 

If\  therefore,  a  potassium  pennanganate  soluťton  of  k&own 
strength  ífl  dowty  adddd  t<>  the  solution  of  a  ferrous  salt,  it  will 
be  decolorized  ftfl  fong  li  there  remains  ferrous  salt  to  react  witli 
it.  As  soon  as  all  of  the  ferrous  salt  has  been  oxidized,  the  Qext 
drop  ví  the  pennaog*n&te  will  impart  a  permanent  pink  color  t<> 
tlu*  solution,  whereby  the  end-point  of  the  reaction  is  determim  d. 

Preparát  ion  and  Standa  rdizati  on  of  the  Pennanganate  Solution. 

In  most  cases  a  TV  normál  solution  of  potassium  perraanganate 
is  suitable,  Le.  oae  which  oontaina  in  one  liter  eooug^i  oxygen  to 
oxidize  TV  of  a  gram-atom  uf  hydrogen  (1,01  líhl  of  hydrngen). 

má   pennanganate  in  acid  solution   reacts  according 
to  the  equation 

KA  Mn,0T-K10+2MnO+50, 

*  y  * 

3Klín04 

Bo  that  from  two  molecules  of  pennanganate  five  atome  otaxygan 
(«I0  atoms  of  hydrogen)  are  avail&ble,  H 

*  Ann,  de  oblin,  et  de  phys.  [3],  is  (1940),  p,  214. 
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2KMn*)<      KMnO,       158.15     »<  tru~*\     x  i 

4=  *  ■*« — -—  =  31.b3  gm.  KMnUé  =  i  gm.-atnm  of 


-ei>  =  l  gin. -a  tom  of  hydrogem 


Consequently  it  is  neeessary  to  bakfi  fi]Á  dt  a  gram-moleeule  of 
potBfldlUO  permanganate  (3.163  gms.)  for  a  liter  oí  1l<ř  normaisolu- 
tinn. 

Although  it  is  possíble  to  purchase  very  pure  potassium  per- 
mADgaaatej  it  is  not  advisábk  ta  také  the  trouble  of  weighing 

CWlt  jiM  tliis  arnoimt  o!  Ihfi  .substance  RUd  dissulving  it  in  exactl) 
the  rfght  amonní  "i  wateTj  far  although  we  might  in  this  way  obtain 
the  correet  strength  of  solution,  yet  on  the  foQowing  day  its  value 
WOttld  bc  different,  for  the  distilled  wattT  in  which  the  perman- 
ganate i>  dissolved  almost  ahvays  coiitains  traces  of  organic  matter 
oxidizable  by  the  permanganate.  Consequently  we  weigh  dlít 
on  a  watch-gtaaa  apprariniAtdy  the  right  amount  of  permanganate 
3.1-3.2  pBS.),  dissolve  it  in  a  liter  of  water,  and  allow  it  to  stand 
Blgfcl  ta  fouiteeD  davs*  before  using  it,  After  this  time  all  of  the 
oxidizable  matter  in  the  water  will  háve  been  completely  destroyed. 
The  solution  is  DOW  ready  to  be  standardized. 

Starulardizotion  of  the  Potassium  Permanganate  Solvtwn, 

It  is  possible  to  standardize  the  solution  by  a  number  of  differ- 
ent  methods,  as  will  be  dUcussed  in  detail  under  volumetric  analysis. 
In  this  čase  we  are  conrerned  with  the  determination  of  iron  only, 

that  the  most  natural  way  for  us  to  standardize  the  solution  will 
be  by  means  of  chemically  pure  iron,  An  accurately  weighed  por- 
timi  of  iron  is  dissolved  in  dilute  sulphuric  acid  out  of  contact  with 
the  air  and  permanganate  solution  is  added  from  a  glass-stoppered 
burette  until  the  solution  remains  pink  for  one-half  minuté  after 
thoroindilv  stirring  orshaking, 

If  for  tbe  o.xidation  of  a  grams  of  iron  ř  cnbic  centimeters  of  the 
permanganate  solution  were  necessary,  then 

1  c.c.  =  -  gm.  iron. 

♦The  sanit1  i*nd  uiay  ba  lOCOmpliflbed  by  heftUng  th<»  ^trong  KMn04  flolu* 

tion,  liltvrnit:  ihrougjl  Mbestos  um\  diluting.  Cf.  Morse,  Hopkins,  and 
Walk-T,  Am.  Chi-tu.  Jour.,  IS  (189ti),  p.  401. 
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The  value  —  represents  the  titration  value  of  the  solution. 

The  chief  difficulty  in  the  above  standardization  is  in  obtaining 
chemically  pure  iron.    Such  an  iron  cannot  be  found  commercially. 
The  purcst  iron  wire  that  can  be  bought  contains  99.6-99.9  per 
cent.  Fe,  and  formerly  such  an  iron  was  ušed,  assuming  a  mean 
value  of  99.7  per  cent.  for  the  calculation  of  the  analysis.     If ,  how- 
ever,  the  wire  contains  exactly  99.7  per  cent.  of  pure  iron,  it  would 
ctili  be  unsuited  for  very  accurate  work,  for  a  value  too  low 
would  always  be  found  for  the  strength  of  the  potassium  perman- 
ganate.    The  0.3  per  cent.  of  impurity  consists  of  carbon,  sulphur, 
silicon,  phosphorus,  and  traces  of   manganese.    The  first-named 
elements   exist  in  the   wire   in  the  form  of   carbides,  sulphides, 
silicidcs,  and  phosphides,  which,  cn  being  dissolved  in  sulphuric  acid, 
produce    hydrocarbons  (partly  liquid)  and  hydrides  of  sulphur, 
silicon,  and  phosphorus,  all  of  which  are  oxidizable  by  potassium 
permanganate  and  remain  partly  in  solution  on  dissolving  the  iron 
wire  in  sulphuric  acid.     Consequently  more  potassium  perman- 
ganate solution  will  be  reduced  than  corresponds  to  the  amount  of 
iron  present,  and  the  iron  value  for  the  solution  will  be  too  small. 
This  error  sometimes  amounts  to  0.5-1   per   cent.,   but  can  be 
avoided  by  using  pure  electrolytic  iron  for  the  standardization. 

Preparation  of  Chemically  Pure  Iron  by  Electrolysis. 

For  this  purpose  we  start  with  commercial  ferric  sulphate. 
This  salt  almost  always  contains  traces  of  lead  and  copper,  which 
would  also  be  deposited  with  the  iron.  It  is,  therefore,  necessary 
to  purify  the  ferric  sulphate  before  subjecting  its  solution  to  elec- 
trolysis. 

About  100  gms.  of  the  commercial  salt  are  dissolved  in  600 
c.c.  of  water  with  the  addition  of  5  c.c.  of  dilute  sulphuric  acid  in  a 
liter-flask  *  (Fig.  29,  p.  85)  and  heated  to  boiling,  meanwhile  passing 
a  rapid  current  of  hydrogen  sulphide  through  the  solution  at  a. 
The  flask  is  then  closed  by  introducing  a  glass  rod  into  the  rubber 


♦The  flask  is  heated  over  the  free  fláme,  not   in  the  water-bath    as 
shown  in  Fig.  29. 
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ubing  at  bf  and  at  the  samé  time  the  Same  ifl  removed  and  the 
flask  placed  in  a  dish  of  cold  water,shaking  unti]  no  more  hydro- 
irni  sulphide  gas  ifl  ňbeúrbed  (no  rnore  bubbles  pass  througjh  the 
raterpoeed  waah-bottíes*),  this  point  being  usually  neadhed  iu 
froin  five  to  ten  minutce.  By  this  means  all  of  the  lead  and 
copper  are  precipitated  as  sulphides,  The  solution  is  quickly 
filít  red  through  B  fulded  filter  inio  a  second  flask  of  the  right  si  ze, 
to  replaoó  the  Bnrt  one  in  the  apparatua  just  ufied  The  wáu- 
tinn  is  again  heated  to  boiling  as  quickly  as  possible,  ineamvhile 
passing  a  rapid  stream  of  carbon  dioxidet   through  the  appa- 


Fro.  20. 

ratus  until  no  trace  of  hydrogen  sulphide  can  be  detcctcd  at  6, 
The  flask  is  theti  dosed  at  b  as  bcfore  and  the  solution  allowed 
to  coul  in  an  atmosphcre  of  earfooD  dioxíde, 

In  addition  it  is  ulso  necessary  to  provide  a  solution  of  ani- 
nioniutn  onlate,  saturatod  at  the  room  temperat-ure. 

For  the  eleetrolvsis,  fcwo   elortrodes  K  (Fig*    26)  are  prepared 

♦The  hydrogen  sulphide  is  WBflbed  by  pMsing  through  W&tef  in  the 
bottlee  l  and  H  (Yig.  29)  and  is  then  passed  through  the  tower  Ct  which  is 
fiUed  with  cutton. 

t  For   the  ptT  í  mrhon    dioxide,  nu  apparatus   siniilar  to  ihat 

shown  in  Fig.  29  is  ušed,  ordy  Mu-  w;i.sh4>ottÍB  A  ís  filled  with  pffrmai^gnimtfi 
solution,  and  the  tower  C  rotí  tni  tis  pumíce  soaked  with  eopp»?r  sulphate 
snhitirin,  Above  which  ia  a  plug  of  cotton. 

The  potassium  [terma  upínáte  and  Oopper  sulphate  l>oth  serve  to  remove 
II.sfR.iii  lbe 00,. 
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by  taking  two  pleo  -  of  platinum-foíl  about  25  sq.  cm,  surface  and 

1  ning  a  plece  oi  fairly  heavy 
[  >la  t  i  ( 11 »  d  l  w  i  n  t  o  eaeh ;  t  hry  are 
fant  so  that    tlirv   will  conven- 

;ly  pass  through  the  Oeok  of 
a  liter-flask.  Tlir  elcetrodee  are 
eleaaecl  by  bcďing  in  concen- 
trat*Ml  hydroehlorie  aciil  and 
finally  igniting  Usem  OTOP  the 
free  fláme.  To  aocomplish  the 
latter  purpo6e9  it  is  convenient 
to  lung  them  apoíl  a  heavy 
plat  lnu  ni  wire  whu-h  is  itself 
plaeed  on  an  inm  ring;  they 
are  then  heated  ovit  the  n*m- 
luininous  fláme  of  the  Teclu 
burner  (lig.  27), 

After  the  ignition  the  elec- 
trodefi   :ir<    allmved   tn  cnol   in  a 

deaiecator  and  weighed  as  umí- 
rán Iv  as  poaafble  (weighing  by 
Cf.  p.  10).  About  250 
c.c.  of  the  ainmonium  oxalate 
pďutapn  are   now  plaoed    in  a  Fig*  27. 

and  15  e,c  of  the  iron  solution  (about  0.5  gm.  Fe) 
m  IdacL   The  heaker  b  oorered  with  a  glass  plate  containing  three 
28).     At  the  ends  of  the  plate  are  íastenetl  two  corks 
whieh  serve  to  support  the  two  heavy  platinum  wires  a  and  6. 
Through  the  two  side  holes  are  paaeed  fioia  Wlow  the  bent  pla- 
tinum wires  of  the  catfaodee  K.  leaving  them  auepended  from 
a:    while  through  the  middle  hule  the   end    i>f    the  spirál  anodě 
and  ifl  BUBpeoded  from  the  oroaB-wirei.    The  wireois  now 
with  the  negative  and  wire  6  with  the  positive  pole  of 
and  the  cold  solution  is  eleetrolvzed  for  froni  one  and 
balí   i"  two  hours  with  a  currenl  of  0.5-0,7  ampere.    At  the 
end   .»f   thia  tiiiH    there  will    be    firmly  attached  to  eaeh  of  the 

oul    0.15-O.17   gm,    of   a   bright,  steel-gray    depo 
Tlir  circuii   is    broken,   one   of   the   electrodes  is  romoved,  and 
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the  circnit  again  clnsed.  The  eW-tmde  which  has  heen  removed  is 
at  niice  phinged  intQ  B  beaker  of  distilled  water,  taken  out,  the 
bnttom  edge  omehed  with  a  piece  of  filtcr-ptijier  to  rein 
the  greater  part  of  the  adhering  waivr,  and  then  washed  with  a 
líberal  qtttatity  oť  ábedhite  aloohol  tliat  has  been  distilled  over  lime. 
The  lower  édge  is  again  touched  with  filter-paper,  then  washed 
with  ether  which  has  been  distilled  OVjBř  potash,  ufter  which  it  is 
dried  in  the  hot  doset  unii]  the  ether  has  evaporated  (this  takés 


about  half  a  minuté).  It  is  then  placed  in  a  desierator.  The  ser- 
ond  electrode  is  now  reninved  from  the  eircnit  and  subjected  to 
precifiely  the  samé  trcatnient.  After  the  electrodee  háve  been  in 
the  deciccatOT  for  hfteeii  mimites  thcy  are  wei^hed. 

Whilo  the  soluťkm  is  being  electrolyzed  the  sni  ven  t  for  the  iron 
ahould  be  peepareá*  In  the  Kter-Aaek  K  (Fig.  29)  are  plared 
500  e.c.  of  water  and  50  c.e,  of  chemieally  pure  eonoentrated  sul- 
phurk  actd.  líie  contenta  of  the  Baak  are  heateď  to  boilinc, 
whilo  a  stream  of  oarbon  dioxide  u  paned  through  the  flask.  After 
the  liquid  fctaa  boiled  vigoruudy  for  ten  minutce  the  fiask  is 
dosed  at  b,  removřd  from  the  fláme,  plaeed  LU  oold  water,  and 
allowed  to  cool  in  an  atmosphere  of  carbon  diox 

ín  this  tnanner  a  eolution  of  sulphurk  acíd  ia  obtained  eom- 
pletely  Frée  from  air,  so  thal  there  is  oodangefof  its  oxidisingany 

tfae  fenODfl  galt. 

One  of  the  weighed  dec  on  whioh  the  iron  hae  been  de» 

poeited,  is  thruwn  into  the  flask  eontaining  the  sulphuric  acid ;  the 
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flask  is  immediately  closed  and  gently  heated  on  the  water-bath, 
carbon  dioxide  being  passed  continuously  through  the  apparatus. 
The  iron  dissolves  very  quickly,  leaving  no  residue.  The  flask  is 
then  closed  at  6,  placed  in  cold  water,  and  when  cold  is  titrated 
with  permanganate  solution  added  from  a  glass-stoppered  burette 
provided  with  a  Rey 's  float  *  to  facilitate  the  reading  of  the  meniscus. 
After  noting  the  burette  reading,  the  permanganate  is  added  drop 
by  drop  and  the  flask  is  constantly  rotated  to  insure  thorough  mix- 
ing  of  the  permanganate  with  the  ferrous  solution.  When  the  solu- 
tion possesses  a  slight  pink  color,  permanent  for  halí  a  minuté,  the 


Fio.  29. 

end-point  is  reached,  and  after  the  burette  hasdrained,  a  second 
reading  is  taken.  A  blank  test  is  made  with  another  portion  of 
500  c.c.  of  water  and  50  c.c.  sulphuric  acid  solution  (boiled  free  from 
air  in  the  samé  way  and  allowed  to  cool  in  a  stream  of  carbon 
dioxide),  to  see  how  much  permanganate  is  necessary  to  impart 
this  pink  color  in  the  absence  of  iron.  This  amount  should  be 
subtracted  from  the  total  number  of  cubic  centimeters  of  the  per- 
manganate solution  ušed  in  titrating  the  iron. 

The  results  obtained  by  this  proceduře  are  excellent. 

After  the  strength  of  the  permanganate  solution  has  been 
accurately  determined   by  the   above  method  the  apparent  iron 

*  See  under  Volumetríc  Analysis. 
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valut*  of  I lie  iron  wire  mav  be  (letennincd.  After  this  is  known 
H  ta  poesible  to  detennine  areuratrlv  the  strength  of  a  new  per- 
manganu  tť  BOlutioiij  oř  of  the  samé  solution  at  a  future  dáte,  by 
titratifij^  agftioflt  a  solution  of  the  wire. 


Determination  of  the  Apparent  Iron  Value  of  Iron  Wire. 

The  wire  is  cleaned  by  rubbing  with  a  piece  of  cmery  páper  until 
it  b  perfeetly  bright.  It  ie  then  paued  througb  filter-paper  nutil 
it  DO  longer  leaves  a  gray  niark  on  the  páper.  The  wire  is  vound 
minul  a  drv  glassrod  tnaking  a  spirál,  arnl  a  portion  of  0,15-0.2  gm. 
is  weighed  out.  This  is  dissolved,  in  the  saine  way  as  the  electro- 
\y/.vd  iron,  in  560  b«g.  of  dilute  Bulphurío  aeid  that  has  Uren  botled 
in  a  cunvnt  of  earbon  dioxúle,  The  ferrous  sulphate  solution 
thus  obtaíned  is  titrated  as  abow  deseribed  with  permanganate 
and  the  apparent  iron  value  calculated. 

The  followin^  n  detenninations  made  with  great  care 

by  13.  Sťhudel  iu  the  author's  kboratory  Shistr&te  the  process; 

I.  Stanthwlizatťon  of  KMnOi  Solution  bff  mazftf  o/  Electrótytic  Iron. 

(a)  0.1650  gin.  iron  required  90*14  0*0.  KMu04  solution 
(6)  0.1660   u      "         "        80,17   M 


Mean  8046    u 
-    0.08   "  * 


30.08 
1  c.c.  KMu04  solution,  therefore,  eorresponds  to 


^-O.00M853gnL  IV. 


MU.US 


*  This  amount  of  KMuO,  sulution  was  necessary  to  itnpart  a  piak  color 
to  the  soluti.nu 
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II.    Ihtrrnntttition  oftkč  ffOll   Vóhk  "/  frwi  U"/rť. 

(a)  0,20541  trní,  iron  wire  required  S7.04    r.e.  KMm  >t  sofatum 
(6)  0.20046    M      M      "  "       86.74*0.0. 

Aeoorduig  to  I,  1  co.  KMnQj  Bohitáon— 0.0054853  gm.  Fb 
0.20541  gin,  wire:  37.64  X  0.0054883 -- 0.20816  gro.  Ee 

Appareni  iron  valné --=  100.51  percent* 
0.20046  gm.  wire:  30.74  -  0.0054854-     0.20169  gm.  Fe 

Appareíit  iron  value^KKl">3  par  rent. 

Mean=  100.52  per  c« 
The  iron  wire,  therefore,  apparently  contaiiis  100.62  pc  r  eeOl 
Otmouály,  then,  an  inoorred  valné  for  the  itraDgtb  *>f  t í n-  p 

man^anate  BOlutíon  WOUld   l"1  uhtained   ít   W  were  to  Use   fol 

eomputatioo  tbe  reál  iron  \alue  of  W-7  per  cent 

Kvery  tiine  a  new  supply  ní  iron  wire  is  obtained  its  apparent 
iron  value  should  be  determiaed. 

Analysis  of  Ferric  Compounds  accordiog  to  tlie  Method  oř 
Margueritte. 

I  i  mi  1  what  has  already  l>een  said,  il  is  evident  that  in  tmler  to 
determine  the  amumit  of  iroi  t  in  a  snhnion  by  titration 

with  pfttmMTJiírn  penn&ng&natej  it  i^  puccMary  for  the  iron  tu  be 

selil  entirely  in  tho  ferrotu  oondition,    In  order,  thereforej 

;ipply  this  method  to  the  analysis  of  ferric  eompounds,  it  is> 
hrst  neoeeaary  to  reduoe  them  eonipletely. 

To  effect  the  reduction  of  a  ferric  sulphate  solution  we  can 
prorerd  as  fullows:  The  st  dut  ion  is  plaeed  in  a  200-c.c.  flaskraeidified 
with  one-teiith  its  volume  of  purc,  cnncentrated  ffulphuric  ftcfrl, 
the  flask  is  dosed  with  a  rtoppef  provided  with  fcwo  tubefl  through 
which  pas  can  cnter  and  leave  the  flaskT  the  oontentfl  of  the  íi 

beated  to  boiling  and  hydrogen  sulphide  i-  paaoed  througb  tbe 

aolution  until  it  is  perfeetly  ooloriesft    The  boiling  is  oontinued 

and  oarbon  dioxide  isnoxu  paaagd  through  the  solutkm  until  t  1 1  ^  * 

excess  of  hydrogen  sulphide  ta  eompletely  removed.     The  solu- 

is  then  allowed  to  cool  in  an  atmosphere  of  carboti  dlOQ 

*  After  deductiii^r  the  amcmnt  of  KMn04  neccssary  to  impart  a  pink  color 
to  the  eolution  (0.08  c.c). 
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and  titratcd  exactly  as  in  the  standardization  of  the  solution  of 
perniaiigatiíii 

If  /  e*c.  of  permanganatc  wete  neeessary  fco  oompletely  oxidize 

the  solution  and  i  e,c.  of  the  permangauate  corrcsponds  to  a  gin. 
of  iron,  then  the   titratcd  solution  evidently  eontams  o  •  t  gm.  of 

i«  n{|. 

Besidgfl  hydrogen  sulphide,  a  great  many  other  snbstanoes 
e:m  Ih>  ušed  to  re-duec  the  Ferric  salt,  e.g.ř  zinc,  sulphurons  acid, 
Btannoua  chloride.  The  ose  of  tfaete  substances  will  be  discussed 
in  the  port  ion  of  t his  book  dovoted  (o  Volu  met  ric  Analysis. 

Remark.  Xhe  titration  of  b  solution  by  meaas  ol  potaesium 
[icrnianganate  takés  pláce  preferabív  in  a  Bulpburíc  acid  solution; 
in  the  čase  of  hydrochtoric  aeid  too  b|gh  results  will  \*e  obtained 
(dne  to  the  fact  that  lbe  peniian^imitr  oxidtzes  sonie  of  the  acid), 
unless  the  oxidation  takés  pláce  in  a  dilutc  solution  in  the  presence 
uí  B  large  excess  of  mangu  umis  sulphate.     &  e  Vnlumetrie  Analysis. 

TlTAMIUM,  Ti,     Ai  Wk48.1. 

Titanium,  when-present  in  largr  amounts,  is  detennined  as  its 
di<\L<l<  .  TSQiJ  hut  if  nul  v  sinali  amounts  are  to  be  determined, 
as  in  the  čase  of  many  rock-  and  iron  ores,  the  eolorimetric 
method  is  preferable. 

(a)  Determination  as  Titanium  Dioxide. 

The  titaniuiti  is  preeipitated  froin  solution  either  by  means  of 
ammonia,  or  by  boiling  a  solution  strongly  acid  with  acetic  acid 
and  containing  considerablc  anunoniuin  acetate;  Oř,  finally,  by 
boiling  the  slightJy  acid  solution  of  the  sulphate.  In  all  these 
cases  it  is  preeipitated  as  titanic  acid,  frorn  which  it  is  ehanged  by 
ignition  bito  Tíi  L 

The  fcwo  fonner  methoda  are  preferable  to  the  third.  See 
separatiou  of  titanium  frnm  aluminium. 

(h)  Determination  of  Titanium  Colorimetrically ;  Method  of 
A.  Weiler.* 

SuitrtMr  forsninll  unotmtfl qf  titanium.) 

This  detenninatíoD  áependa  tipoo  the  fact  that  acid  solutkms 
of  titanium  sulphate  are  colored  intenselv  yellow  when  treated 
with  hydrogen  j>eroxide;  the  yellow  oolor  increases  with  the 
*  B*rfchte,  U,  p-  2 
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anmunt  of  titanium  přesolit   and   is  not   altered  by   BII  6X0688  of 

hydrogen   peroxide.     <m   the   other   hand,   inaccurate   rasults   are 

obtai&ed  in  the  preocpce  of  hydrofiuorie  acid  (HiUebrand);  coa- 

lí-ntlv  it  ia  not  petmiaeiUe  to  use  hydrogen  peroxide  for  this 

rríiinaíion  whirh  has  been  prepared  íram  barium  peroxide  by 

inrans  of    hydrofluooilicic    acíd.     Furthennore,  chromk\  vanadic, 

and  molybdic  acids  must  110I  be  pteaentj  since  they  also  give 

iratiozm  with  hydrogen  peroxide.    The  pfreeenoc  ofamaU  amou&te 

of  iron  doea  iiot  afTcct  the  reaction,  but  large  amounts  of  in 

trouble  on  account  of  the  color  of  the  iron  solution,     lf,  howevor, 

phosphoric  aekl  is  added  to  the  colored  férrig  solnt ion  it  becosnee 

dorolorized,  and  front  such  a  solution  the  detenninatinn  of  titanium 
oflfers  no  difficulty*     The  solution  in  which  the  titanium  is  to  be 

<  rinined  ruust  contain  at  least  S  per  cent.  of  sulphuric  acid; 
au  1  doee  not   ínfluenoe  lbe  reaction,    The  reaction  is  so 

delieate  that  0.00005  gm,  of  Ti<»2  present  as  sulphate  in  50  c.c. 
of  sólu tioti  pve  a  dístinotly  visible  yellow  eoloration. 

For  this  tletennination  a  standard  solution  of  titanium  sulphate 
is  required.  This  can  be  prepared  by  taking  0,6000  gm.  of  po- 
tassium  titanie   Huorido  which   has  been    ^overal    run  tal- 

lized  and  mni  [y  iguited  (corresponding  to  0*2  gni.  oí  Ti(  i2).  This  is 
treated  in  a  platinum  micible  several  times  with  a  lit  tle  water 
and  oonoentrated  sulphuric  acid,  expelling  the  excese  oí  acid  by 

tle  ignition,  finally  dissolviug  in  a  little  concentrated  sulphurir 
acid  and  dilutiug  with  5  per  cent,  sulphuric  acid  to  100  c.c,  One 
Cubic  eentimeterof  this  solution  corresponds  to  0.002  gm.  TK>2. 

The  detenninatinn  proper  is  carried  out  in  the  samé  way  as 
deseribed  on  p.  56,  under  the  rolorimetric  determination  oí  am- 
monium. 

50  c.c.  of  the  solution  which  has  been  brought  to  a  derniite 
and  aceurately  measured  volume  is  placed  in  a  Xessler  tube  be- 

0  a  series  of  other  tubes,  each  eontaining  a  known  auiount 
of  the  standard  titanium  solution,  nJled  up  to  the  inark  with 
water  and  each  treated  with  2  c.c,  of  3  per  cent,  hydrogen  per- 
oxide* (free  írom  hyuroíluoric  acid),  The  color  of  the  solution 
ta  queetion   is   compared   with   the  standarde.     This  method   ■ 

♦The  hydrojren  peroxide  solution  w  prcpared  sliortlv  before  using  by 
dtssnlving  cornmercial  potassiuin  pt«rcarbonate  in  dilute  sulphuric  acid. 
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auly  suitable  for  the  estimatinn  of  sinali  amounts  of  titanium,  as 
the  shades  of  strongly  eolored    solutions   cannot   be   compared 
irately. 

CHROMIUMf  Cr.     At.  Wt.   52.1, 
Fonns;  Chromic  Oxide,  Cr203;  Barium  Chromáte,  BaCr04. 

0)  Chromfo  Conijwun<?$. 

Determination  as  Chromic  Oxide. 

If  the  chromium  is  preseut  in  solution  u  chromic  compound 
it  eaa  be  precipitated  ecsact^y  as  deBcribed  u&der  aluminium,  by 
ineans  of  a  slight  emOH  o  i"  arnmonia  in  the  presence  of  considcr- 
able  ammonimn  salts  (ch  still,  by  the  addition  of  fre>ldy 

prepared  ammonium  sulphide  sólu t ion  to  the  boiling  solution). 
The  precipitated  Cr(OH)3  is  washed  with  dilutc  ummoniurn  nitráte 
solution  and  ignited  wet  in  a  platinum  crucible,  bcing  thereby 
changcd  to  the  oxide,  Cr2Or  The  results  obtained  are  alw; 
a  few  tenths  of  a  per  cent,  too  highon  accouut  of  the  formát  ion 
of  small  amounts  of  alkali  chromáte  even  though  the  entire  opera- 

fc&kes  plftoe  in  platinum  vessels.  The  alkali  cornes  froin  the 
reagents.  It  can  be  shown  that  the  ignited  product  contains 
a  little  chromáte,  as  the  aqueous  extraction  always  possesses  a 
slight  yellow  oolof  and  gives  with  silver  nitráte  a  red  precipitate 
of  silver  chromáte. 

If  phosphoric  acid  is  present,  it  will  be  found  in  the  precipitate, 
In  this  čase  the  dried  precipitate  is  fused  in  a  platinum  crucible 
with  sodiurn  carbonate  and  potassium  nitráte,  whereby  sodium 
chromáte  and  sodium  phnsphate  are  obtained.  The  melt  is  dis- 
solved  m  water,   aeidified   with  nitric  acid,  and   the  phosphoriti 

precipitated  by  means  of  ammonia  and  magnesia  mix  ture, 
as  described  under  Phosnhoric  Acid.  From  the  filtráte  the 
chromium  b  íned  as  barium  chromáte  in  acetic  acid  solu- 

tion as  described  below. 

(b)  Chromates. 

If  the  chromium  U  present  in  solution  in  the  form  of  an  alkali 
chromáte  KKH  chloride  and  large  amounts:  of  sulphuric  acid, 

it  mav  be  determined  very  aceurately  by  precipitatíon  With  tner- 
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curous  nitráte  solution  as  mercurous  chromáte;  on  ignition  the 
latter  is  chan^cd  t<»  CrjOA. 

Proceduře. — The  neutml  oř  weakly  acid  solution  i> 
with  a  ^iliition  of  pure  mercurous  nitráte  whróby  brown,  basic 

roua  chromáte,  (4H^.,<\:íCr<  yř  is  forxned.     On  he&1 
bóiBng,  the  precipHate  becomes  u  besutiful,  fiay  red,  being  mn- 

verted  into  tlít*  nentral  salt  H&Cr04.      This  red  salt  set  t  les  VBIJ 

ijtiirkly,  and  if  the  proeipitaťum  ia  oomplete  the  solution  abovg  the 

dpi  tuté  will  ba  o  1 1<  1  rleaa.  After  o  n  >1  i  ng,  the  procipi  tate  is  filten  m  l 
off,  w asi  11  mí  thoroughly  with  water  containing  a  little  mereumus 
nitráte,  dríed  and  separated  from  the  filter  as  coíiij ilrtrly  as  possil  >K 
The  Uter  ifl  burned  in  a  platinum  spirál  and  ignited  with  the  main 
puttinn  of  the  precipitate,  gently  at  Slit  and  finally  strongly,  in 
a  platinum  crucible  nnder  a  hood  with  a  good  draft,  afterwards 
hing  the  residue  aa  Cr,08. 

The  purity  of  the  mercurous  nitráte  must  lie  tested  beforc  using 
it    5  gms,  of  the  salt  ahould  h«ava  no  residue  after  being  igoited, 

This  excellent  method  for  the  dětem  lination  of  chromium 
unfortunately  permits  of  only  a  verv  limited  application.  If 
the  solution  contains  any  considerable  amoimt  of  chloride, 
mercurous  chloride  will  be  precipitated  with  the  mercurous  chro- 
máte, whicht  although  volatile  on  ignition,  renders  the  přeci  pi  ;• 
too  bulky  and  the  method  inaecurate, 

Iff  theiBÍore,  it  is  neceasary  t<>  detetmine  chromium  preeert 
as  chromáte  in  a  solution  eontaining  chloride,  two  other  methodfl 
are  at  our  disposal.  The  chromáte  may  be  reduoed  by  bniling 
with  sulphurous  acid  (oř  by  cvaporating  with  eoiicentrated  hydro- 
chloric  acid  and  aleohol)  and  analyzed  according  to  (a)t  oř  it 
may  be  just  as  aceurately,  and  much  more  conveniently,  deter- 
mined  by  přeci  pitating  as 


Barium  Chromáte 

weigjhing  this  after  gentle  ignition. 
Proceduře. — Tlie  neutra!  solution,  or  one  weakly  acid  with  acetic 
ted  at  theboiling  tempera  ture  with  a  solution  of  barium 
added  drop  by  drop,*  and  after  standing  for  some  time, 

*  If  the  barium  acetaUs  solution  is  added  too  quirkly  some  of  it  will  be 


9* 


GR/fWMETRJC  ANALYSÍS. 


ifl  filtered  through  a  Gooch  enirible  (withoul  using  verv  strong 
BUCttOB,  as  otberwbe  the  lihcr  will  suoii  gel  stopped  up  and  thft 
Biilutíon  will  filter  extremcly  slowly).  Tlic  pnvipilate  is  washod 
with  dilute  aicohol  and  dried  in  the  hot  ríosct.  The  crucible  U 
BUSpended  in  &  largcr  one  OÍ  purcelaiu  by  means  of  an  asbr 
ring  (ef,  page  25)  and  heated,  at  íirst  gently,  and  finally  over  the 
full  fiarae  of  a  good  Bunsen  burner.  After  five  minu  tes  the  cover 
is  removed  and  the  heating  is  continued  until  the  precipitate 
appears  a  unifonu  yellow  throughout,  when  it  is  oookd  in  a  desir- 
cator  and  weighed. 

eťmies  the  precipitate  appears  grem  DD  the  sides  of  the 
crucible  owing  to  a  >lii;M  reductioo  (by  means  of  dust,  traces 
of  aicohol,  etc.)  of  chmmir  a«id  to  chromic  oxide.  The  latter 
gradually  takés  on  oxygen  from  the  air  during  the  long-coutinued 
heating  of  the  open  crucible,  so  that  the  green  color  gradually 
disappears. 

If  a  grams  of  chromáte  were  tafcen  for  analysis,  and  the 
barium  chromáte  precipitate  weighed  p  grams,  theu  the  amount 
of  chromlum  present  may  be  calculated  as  folio ws: 

BaCrO,  :  Cr=p  :  s 

Cr 

S"BaCrO/Př 


and 


a  : 


Cr 


BaCrl  \ 


p  =  100  ;kt 


fe  =  t,  „^  —  -  per  cent.  Cr. 

Example  for  practice:  Potassium  bichromate,  KjCr207í  purified 
and  dried  as  descrihed  on  page  37. 

Chromí  um  present  as  chromáte  may  be  very  accurately  deter- 
mined  by  valumetric  methodfi,  U  will  be  shown  imder  Volumetric 
Ab&IyhÍs. 


rarried  down  with  the  barium  chromáte,  eo  that  too  hígh  resulta  will  \m 
o*»tuiiied. 
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URANIUM,  U.     AL  Wt,,  239.5. 
Torům :  Ua0,  and  U02. 
(a)  Determination  as  T730,, 

Uranium  is  almost  always  prccipitated  by  means  of  amnionia 
as  amntonium  uranate  and  changed  to  UfiĚ  by  gentle  iguition 
in  a  platinum  cnieible  with  free  access  of  air.  Accordiug  to 
Zirnmennan  *  this  transformation  is  only  complete  when  the 
l>nvipit:uc  is  ignited  in  ■  strearn  of  oxygen;  the  error  mf  however, 

mil  that  for  ordinary  purposes  it  can  be  neglected. 

Accordiug  to  the  temperature  of  igmtkftt,  the  U809  appears 
dirty  green  oř  black,  and  is  difficultly  soluble  in  dilute  hydro- 
rhliirie  oř  sulphuríc  acids;  in  nitric  acid  it  diasolvea  gradually. 
By  beatiog  with  dilute  sulphuríc  acid  (l  vol.  conc.  H2804-f  6  vol. 
HjO)  in  a  dosed  tube  at  loíló-1750  C.  for  a  long  time  (\V  1 
Hfllebraod)^  the  t*308  is  coinpletely  dissolved  with  the  fonnation 
of  maneme  and  uranyl  sulphate: 

U/>,+  4S&  \  =  2U02(SOi)  +  (USOJ,*  4H20. 

Ufit  is  abo  readily  soluble  in  dilute  sulphuríc  acid  in  the 
presence  of  potassium  bichroniate.  These  twoiast  facte  are  taken 
advantage  of  in  the  volumetric  rtetermination  of  uranium  (which 
see). 

(6)  Detennioation  as  U02. 

The  ignited  precipitato,   obtained  in  exactly  the  samé  way 

as  before,  is  heated  over  a  good  Toelu  bumer,  oř  over  the  blast- 

lamp,  in  a  current  of  hydrogen,  untila  eonstant  weight  is  obtained 

it  is  quantitatively  changed  b*  UOg,    This  is  the  mott 

method  for  the  determination  of  uranium. 

Tli*  1  Qi  thufl  obtained  is  a  brown  powder,  irisoluble  in  dilute 

hydnochloric   and   Milphuric   acids,  but  soluble   in  oocteenfrated 

sulphuríc   acid  after  long   heating,  best   in  a  dosed   tube,    This 

ta  also  soluble  in  nitric  acid* 

*  Aur,.  ,1.  H,.  tmď  PhT  ágS!  (IK86),  p.  287. 
|  Hulí.   i I,  B,  C.eol.  Survey,  7^ 
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Separation  of  Iron,  Aluminium,  Chromium,  Titanitům,  and 
Uranium  from  Calcium,  Strontitim,  Barium,  and  Magne- 
sium. 

The  solution  containing  the  above  substances  in  the  pMi 
of  considerable  aminoniuni  chloride  is  pl&oed  in  an   Erlr 
flask  and  treated  with  a  Blight  «  freshly  prepared  ammo- 

nium  sulphide  free  from  sulphate  and  carbonate.  After  stand- 
ing  overnight  the  preeipitate  li  filtered  úě  and  waaked  with 
v\:it(  r  rnntaining  ammonium  sulphide.  It  contains  the  iron  and 
uranium  as  BUlpfaideB,  the  aluminium,  chromium,  and  ti  táni  um 
as  hydroxides.  In  rase  lar^r  anmunts  of  magnesium  are  proseni, 
of  it  is  alrnost  ahvavs  present  in  the  preeipitate,  so  tliat  it 
is  then  necessary  to  dissolve  the  preeipitate,  after  filtration,  in 
hydrochloric  aeid  and  to  reprecipitate  with  ammonium  sulphide. 

Separation  of  Iron  from  Aluminium. 

(1)  The  solution  is  trea tesil  in  a  porcelain  cfiah  with  pure 
potassiom  hydroxide  solution  until  etrongly  alkaline,  hoiled, 
diluted  with  hot  water,  and  Gitami.  The  preeipitate  contains 
the  iron  as  hydroxide,  while  the  solution  rontaiits  the  aluminium 
as  ahuninate.*     For  the  iron    determination   the  preeipitate  is 

->lved  in  hydrochloric  acid,  reprecipitated  with  ammonia,t 
dricd,  and  weighed  as  Fe2Oa  (see  page  77).  The  aluminium  is 
preeipitated  as  hydroxide  from  the  filtráte  by  acidifying  with 
nitric  acid  and  then  adtling  ammonia, 

(2)  The  acid  solution  is  treated  with  tartarie  acid  (three  parts 
of  tartaric  acid  for  each  part  of  the  tnixed  oxides  {Fe3Oa-h  Al^O,)), 
hydrogen  sulphide  is  passed  into  the  solution  until  it  is  saturated, 

light  an  excefifl  as  possible.  of  ammonia  is  added,  and  the  sulphide 
of  iron  is  alloweil  to  settle  in  a  ebeed  Erlemneyer  flask,  It  is  then 
filtered,  washed  with  water  containing  ammonium  sulphide,  dis- 

ed  m  hydrochloric  acid,  oxidized  with  a  littlc  pntassium  chlorate 
or  nitric  acid,  and  preeipitated  ;is  ferrie  hydroxide  by  the  addition 

•  H  the  p  B  is  large,  it  ahould  be  dissolved  in  hydrochloric  acid 

and  again  preeipitated  with  KOH. 

f  It  Ls  ven-  hurd  to  wash  the  KOH  preeipitate  free  from  alkali  so  that  the 
first  preeipitate  should  not  be  weighed. 
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of  ammonia.  The  aluminium  is  deterniined  in  the  filtráte  by 
evaporating  to  drynees  with  the  addition  of  a  little  sndium  carbn- 
natě  and  potassium  nitráte.  The  residue  is  gently  ignited  in  a 
platinuni  dish  in  order  lo  destroy  the  tartarie  acid,  after  which 
it  is  dissolved  in  dilute  nitric  acid,  the  carbou  filtercd  off,  and  the 
aluminium  precipitated  from  the  solution  by  the  addition  of  am- 
monia. 

(3)  Both  of  the  metals  are  precipitated  with  ammonia.,  filtered, 
washnbdried,  ignited  Ín  i  platinum  crucible,  and  the  weight  of  the 
eombmed  oxides  deterniined.  The  mix  ture  is  then  digested  with 
coneentrated  hydmchloric  acid  to  which  a  little  water  has  been 
added  (10IlCl:liLO)  in  a  covered  crucible  until  the  iron  is  com- 
pletely  dissolved.  If  ferric  oxide  predominates,  as  is  frcquently 
the  oase,  the  solution  ifl  emrtcd  in  one  or  two  hours.  If,  on  the 
Other  band,  ■  relativelv  large  amount  of  ahimina  is  present  (as  is 

tily  the  čase  with  sihrates),  and  which  can  be  detected  by  the 

r  of  the  preeipitate  pnxluced  by  ammonia,  the  preeipitate 
then  dissolves  verv  slowly  and  in  many  08008  only  incompletely. 

In  the  latter  čase  the  ignited  oxides  are  brought  into  solution 
by  fusing  with  12-15  tiines  as  much  jwtassiuiii  pyrosulphate, 
K.Sií,  (tf.  VÓL  I,  p-  7či).  The  deenmpositinn  q|  the  oxides  is 
usually  conipletc  in  2-4  hours.  The  cniťible  together  with  its  cover 
Ea  placed  in  a  beaker,  water  and  a  little  sulphurie  acid  are  added, 
:  ml  the  melt  fa  dissolved  by  warming  gently,  and  passhig  a  current 

•ir  through  the  solution  in  order  to  keep  the  liqtiid  in  motion. 
A  small  amount  of  platinum  is  ahvay  n  d  by  thi-  ueatment 

After  removing  the  crucible  and  its  eover,  the  solution  is  heated 
to  boíJing  and  saturated  with  hydrogen  sulphide.     The  solution 

nu  filtered  into  a  fiask  and  carbon  dkudde  ie  patntid  through 
it  until  the  exccss  of  hydrogen  sulphide  is  com  plet  cly  reinoved. 
The  contenta  of  the  fíask  are  then  DOoled  by  placing  the  flask  in 
e  li!  water,  the  carbon  dioxide  st til  passifig  through  the  flask. 
then  t.itrated  with  potassium  perrnauganate  solution 
as  described  on  page  79.  The  aluminium  is  deterniined  by  diffcr- 
ence  f roní  the  weight  of  the  combined  oxidcs.  For  the  det 
ti-iu  of  imn  in  silicates  the  above  prooeeB  is  most  suitable  (ITille- 
i  mód).  The  nduction  of  the  ferric  salt  to  ferrous  salt  by  mearis  of 
hydrogen  sulphide  possesses  great  advantages  over  the  reduction 
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by  mcans  of  zinc,  for  in  the  former  ruse  tto  túrágP  element  is  intro- 
ducedj  and  furthermore  zinc  serveš  to   redttoe  the  fcit&nic  acid 
Lhát  ts  ahnost  ulways  prezent  in  rocks,  and  t hís  will  beagatn  OXÍdi 
by  the  permanganate,  bo  that  too  high  an  iron  value  will  be  ob- 
tained. 

If  the  iron  is  all  dissolved  hy  treating  the  «>xides  with  hydro- 
chlorir  ueid.  the  solution  is  ev&porated  to  dryneea  and  the  readtie 
is  ueuted  with  a  few  enbic  centimeters  of  dilute  sulphuric  tód, 
evaporated  on  the  water-bath  as  far  as  poeeible,  a  ml  then  heated 
OYCř  the  free  fláme  uatil  fumcs  of  sulphurie  arid  are  evolved. 
Uter  eooHog,  the  produci  is  dksolved  in  vrate?  and  the  ferric 
sulphate  redueed  to  fermus  sulphate  by  introdocing  a  piece  of 
y\ní\  free  frorn  iron,  into  the  CTUClblc  and  eovering  the  latter  with  a 
Watch-glaBB.*  The  reduetion  is  eomplete  in  20  30  mi  nu  tes.  The 
sfighl  reeidue  of  p  latinům  f  is  filtered  off  with  the  excese  of  zinc 
into  a  flask  already  filled  with  earbon  dioxide.  The  residue  is 
washed  with  water  ti  -  ■<  -n  hni  led,  and  thesolutíOXI  18  titrated 

with  potaasfcuxi  pennanganate  Bolution. 

The  latter  mel  hod  is  tu  be  reeotnmended  for  the  determination 
of  small  amounts  of  iron  in  the  presence  of  still  less  aluminiu  tu. 
is  the  čase  in  the  analvsis  of  minerál  w&ti 

The  folluwing  proceduře  leada  to  the  samé  end,  but  the  results 
are  not  unitě  bo  reliahle: 

The  solution  fmni  whieh  the  iron  and  aluminium  are  to  be 
determined  is  diluted  to  a  definite  volunu  and  fewo 

ahquot  portiona  are  taken  by  mens  of  a  pipette(ueually  100  e.c,), 

In  one  portion  the  wei^ht  of  the  eonibiiied  oxides  of  iron  and 
aluminium  isdetennined  hy  precipitation  with  ammonia  and  i^nition 
of  tlie  preeipitate,  while  in  the  other  the  iron  Ls  deterniined  by 
titration.  If  the  solution  eontains  hydrochloric  acid,  as  is  usually 
the  euse,  the  iron  is   Hrst    preeipituted   with   ammonia,  filtered. 


*  If  titaniuni  is  pment,  the  sulutRin  is  peduoed  by  meniis  of  hyda 
■olphl 

t  PlatÍDum  is  percpptihly  attacked  by  loog  digestáon  with  ferric  chloride 

solution : 

4  FKH,  +  Pt  +  2HC1  =  H3PtCl,  +  41 1 
The  livaror}ilorp];Mitiií-  arid  ts  redueed  to  phitímnn  by  the  íictinn  of  zinc. 
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wa#hed,  and  dfanohred  in  dihite  sulphuric  aeid.     The  Botation  is 

then  reáuced  and  tátrated  as  pre\  iínisly  deecríbed.* 


Separation  of  Iron,  Aluminium,  and  Phosphoric  Acid. 


Akhaugh  tho  detennination  of  phnsphnrie  aeid  has  not  vrt 
bern   1  -nnsidered.  \\c  w  ill  de-rrihe  Ít8  determination  in  1  he  presenee 

of  iron  and  aluminium  because  this  highly  important  separation  is 

s-arv  in  the  analysis  of  alniost  a)l  minerals  enntaining  iron 
and  aluminium  as  well  as  in  thc  analysis  of  many  minerál  waters. 
Two  ciso  are  to  be  distinguished: 

1.  The  solution  oontaittfl  onlya  ^mall  amount  (a  fcw  eentigrams 
»>r  lrss)  of  iron.  aluminium,  and  phosphorie  aeid. 

2.  The  Bolution  containfi  large  amuunts  of  i  itees. 
I     In  tlir  hrst  rase  tito  determination  of  all  three  runstituents 
t  be  undertaken  in  the  samo  portion,  as  otherwise  errors  vvuuld 

introduced  on  aocount  of  the  sroall  amounts  to  be  determinecL 
The  solution  is  fírst  fcreated  with  amitionia  wbereby  the  i  rotí,  alu- 
minium and  phosphorie  aeid  arr  preripítated.f 

precipitate  is  ignited  in  a  platínum  crucibk  and  weighed: 

Fe,0B+AU)a+IV>^A. 

The  produel  is  then  fused  with  bíx  tímes  iti  weight  of  a  mixture 
rnnsisting  of  fnur  parts  anhydrous  sodium  earbnnato  and  ono  ]>art 
pure  siliea.  Tho  mixture  is  beated  ovw  the  hlast-lamp,  the  melt 
i-  extraeted  with  water,  to  which  a  lit  tle  ammonium  carboMte 

SD  added,  and  filtered,     The  filtráte  mntains  all  of  btfcG  p] 
phorie   aeid  and  a  verv  little  silicir  aeid.  while  the  residue  r*«iitains 
all  of  the  iron  and  aluminium  and  eonsiderable  si  lira. 

the  determination  «>f  the  plm-phorie  aeid,  the  filtráte  is 
porated  with  hydrochloric  acid  on  the  water-batli  to  dryness, 

*  H  is  neeessary  to  Ret  rid  of  the  hydrochloric  neid  on  accounl  of  its  action 
npon  potaasíuni  perroanganate  (cf.  Vol.  Aual  ,  nsder  Eroa)« 

e  phoephoric  acid  is  usually  preeeni  in  lucfa  strmil  amounls  th.i 
and  aluminium  imi  more  than  suíficteat  to  pffect  thv  precipiiation  of  all 
Ihe   pho$pboiÍC  acid,  on  the  additkm  of  ammoma,  as  phosphates  of  these 
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in  order  to  remove  the  silir.i,  the  residue  is  moistened  with  hydro- 
chloric  acid,  taken  up  in  a  little  water,  filtered,  and  the  phosphorir 
fteid  preoipitated  in  the  filtráte  by  the  addition  of  ammonia  and 
"magnesia  mixtnre."  The  preeipitate  of  magnesium  ammonium 
phosphate  kb  rhanged  to  magnesium  pyropbosph&te  by  ígnition  and 
from  itfl  weight  p  the  aniount  of  jiliowphorit:  anhydride,  l\Oit  is 
calculated  (=B): 

Mg2P207:P206  =  p;B, 


B  = 


jsa 


By  subtraeting  B  from  A  the  DomMned  weight  of  the  iron  and 
alumínium  uxides  is  obtained,  in  whirh  the  iron  is  determined 
volumetrieally  and  the  a lu minium  by  difference,  For  the  deter- 
r.iination  of  the  iron,  the  insoluhle  residue,  ohiained  after  treatinjn 
ťie  product  of  the  fusion  with  water  and  ammonitun  caibon&te, 
i  dlgerted  with  hydrochloric  acid  in  a  small  poreelain  crucible 
Tintil  the  iron  oxide  is  completely  diasolved.  The  sólu tion  is  treated 
with  dilute  sulphuriť  arid,  evaporated  on  the  water-bath  as  far 
as  possiUe,  and  then  over  a  free  tlamě  until  finnes  of  sulphuric 
anhydride  are  evolved.  After  rooling,  water  is  added  and  after 
digesting  OD  the  water-bath  for  a  long  time  the  siliea  is  filtered 
off.  the  solutiun  redueed  by  means  of  hvdrogen  sulphide  (cř.  p. 
95,  sul).  8),  and,  after  removing  the  exeoss  of  hvdrogen  sulphide, 
the  iron  is  titrated  with  pemianganate  solution.  Ftoxn  the  amount 
of  permanganate  ušed,  the  ammml  of  ferrie  oxide  (C)  ran  be  eal- 
culated,  and  by  deducfcing  this  amount  from  the  weight  of  the 
combined  oxides,  the  weight  of  the  Al2Os  is  ascertained: 

A-(B+C)  =  Al2Or 

2.  In  čase  the  solution  contains  iarge  amounts  of  iron,  alu- 
minium, and  phoephoriti  add,  ít  tg  divided  into  three  aliquot  por- 
tions  and  in  one  the  vahie  of  ífAw  ifl  determined  by  preripitation 
with  ammonia;  in  the  second  the  phoephorie  acid  is  detennined 
by  the  molybdate  method;  and  in  the  third  the  iron  is  detennined 
by  íitratioii. 
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Separation  of  Iron  from  Chromium. 


1.  The  chromium  ta  ooddised  in  alkaline  solution  by  means  of 
ehloiine  or  bromme  to  b  soluble  chromáte  and  the  insolubk  ferric 
hydroxide  is  filtered  off. 

Pnu  lution   of    the  ehlorides,  wfaiofa   shouW  be 

ni   an   Erlcnineycr   fiask  of  Jena  glass   ptovíded  with    a 

1  glass  stopper  and  tubee  by  whiefa  <ras  may  enter  and  teave 

the   tíaskt   is   treated   with   potassium   hydroxide  solution   until 

mgly  alki  urnied  on  the  awtar-batii  and  chlorine  gas  Si 

ondueted   Uuough  the  liquid,  ot  bromine  water  ta  addedf  until 

it  beoomei   distínctly  yaEow  and  the  ferrk   hydroxide  has  as- 

ied  tta  characteristio  reddish-bmwn  ootoiv    When  tbetorfáal 

i  by  ohlorine  gas,  0.5  gm,  of  the  mixed  oxida  will  be 
completely  oxidized  in  řif tcori  to  twcnty  minuto.  The  solution  is 
diluted  with  water  and  filtercd.  The  filtrát*-  is  rarefullv  aeidifii-d 
Wltl  acid,   the  chromium    prccipitatod    by   the    ad  di  ti  on 

Of  barium  acetate,   and   the  precipitate  of   barium  chromáte    is 
ted  as  described  on  p.  91.     The  ferric  hydroxide  is  disBolved 
in  hydrochloric  acid,  reprecipitatcd  with  ammonia    and   weíghed 
as  ferric  oxide. 

wrk.—lí  the  chromáte  is  to  be  dctenninod  aj  barium  chm- 
mate.  the  solution  must  contain  no  sulphuric  acid.  If  the  latter  is 
prezent,  the  chromáte  is  rcduced  by  evaporatinjc  with  hydrochloric 
acid  andalcohol;  the  solution  of  chromic  chloride  thus  obtainod 
is  precipitated  with  a^mmonia  and  the  chromium  determino<i 
chromic  oxide. 

In  the  čase  of  a  precipitate  oontaining  iron  and  chromic  oxidcs, 

it  is  fused  with  sodium  carbonate  and  a  littlr  potaimímn  chlorate, 

xtracted  with  water ,  and  the  chromium  is  detemiined  in 

the  solution  by  precipitating  with  barium  acetate.     The  insoluble 

lue  from  the  aqueous  extraction  of  the  fusiou  is  dissolved  in 

Irochloric  acid:  precipitated  with  ammonia.  and  the  bon  deter- 

d  as  ferric  oxide, 
If   it    is   desired  to  precipitate  the  chromium  as  mercurous 
mate,  the  precipitate  oontaining  the  iron  and  chromic  oxsdea 
is  fused  with  sodium  carbonate  and  potassium  nitráte,  the  melt 
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cxtractcd  with  watcr,  the  >nlutíon  eteutralised  with  nitric  acid  and 
precipitatcil  with  mercurous  nitráte  ^olution,  as  deeeribed  on  p.  91. 

2,  It  bas  been  proposed  to  analyse  the  mixture  of  Cente  stud 

chromic  oxides  by  strongly  i^nílin^:  thein  in  a  stream  of  hydrogen 
whereby  the  ferrir  oxide   is  reduced   to  motallic  iron,  while  thg 

chromic  oxide  kb  unehatiged.    The  iron  ronit]  then  be  determined 

by  the  bafl  of  Weight,  This  inethod.  althon^h  theoretically  vety 
simple,  scems  from  experimente  carried  out  in  the  authorV 
labomtory  to  be  absolutely  inadequate,  for  the  ferrir  oxide  i*  BD 
enveloped  in  chromic  oxide  that  it  is  not  even  approxinmtely  rc- 
duced  evrn  wlini  hruted  over  the  blast-lamp. 

3.  Iron  may  be  soparuted  froni  ehromium  by  precipitating 
the  forrner  with  ainrnonium  sulphide  from  a  solution  containin^ 
sufneient  ammonium  tartrate  to  prevent  the  precipitation  of  the 
chromium,  The  separation  is  the  samé  as  was  described  under 
aluminium,  p.  94,  sub.  2. 


Separation  of  Aluminium  from  Chromium. 

If  the  chromium  is  present  as  chromic  salt,  it  is  oxidized  by 
inraiis  of  cihlařině  or  b roníme  in  a  solution  made  strongly  alkalmr 
with  potassium  hydroxide.  The  solution  is  then  acidified  with 
Ctitric  acid,  and  the  aluminium  precipitated  by  ammonia  as  hydrox- 
ide, b&Jig  Weighed  afl  the  oxide.  In  the  absence  of  sulphuric  acid 
the  ehroniium  may  l>e  determined  in  the  filtráte  as  barium  chro- 
máte (cf.  p.  91).  If  sulphuric  acid  is  present,  the  chromáte  ifl 
reduoed  to  ohromk  salt  again  by  the  actáoa  of  coaoeatmted  hydro- 
chtoríc  acid  and  aleohol,  precipitated  with  ammonia,  and  weighed 
as  the  oxide 

Ift  however,  the  chromium  is  already  present  as  chromáte,  the 
aluminium  is  ai  once  precipitated  with  animonia  as  hydroxide. 


Separation  of  Iron  from  Titanium, 

It  is  frequently  necessary  to  determine  both  iron  and  titanium 
in  a  precipitate  produced  by  ammonia  consisting  of  a  rnixture  of 
these  two  oxides  alone,  but  it  is  more  of  ten  necessary  to  determine 
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nium  in  the  presence  of  iion,  aluminium,  and  phnsphoric  acid, 
all  of  whieh  are  precipitated  by  ammonia  in  the  analysu  of 
roeks. 

For  the  separation  of  titanium  from  iron  in  tli'  e  o£ 

alumúia,  ihe  foUcftring  methods  are  stiital>k-: 

1,  The  precipitate  produeed  by  ammonia  is  ignhed  and  thefl 
fused  with  15-20  tímefl  as  tnoch  of  previouriy  dehydrated  pol 

m  pyrosulphato  over  a  sinali  fláme  until  conipletely  atia<  I 
After  Gooliag,  the  melt  is  dissolved  in  coH  water  ccmtaining  snl- 
phuric  acid,  and  the  BohitioD  ifl  hastan&d  by  keeping  the  lujuid  in 
motion  by  rneans  OÍ  a  eurrent  of  air  passed  through  it. 

The  solution  thus  obtained  is  diluted  to  a  dfifinito  volume,  and 
after  being  thoroughly  mixed  is  dividcd  into  two  ponions,  oné  heinj: 
I  for  the  drterininatinn  ní"  titanium  and  1  he  other  for  the  deter- 
mination  of  iroil.  Foř  the  iron  determiiiation,  the  arid  sohition  is 
>aiuratcd  with  hyilrogen  sulphide  in  the  čokl,  heated  to  boiling,  and 
the  precipitate  of  platinum  sulphide,  sulphur,  and  a  li  tile  tilanium 
is  tiltered  off  into  a  flask  filled  with  carbon  dioxide,  and  washed 
thorotigfely  with  hot  water.  The  filtráte  is  heated  to  boilin^r  and 
carbon  dioxide  is  paaaed  tfarougb  the  solution  until  the  eaceen  of 
hydrogen  sulphide  is  coinpletely  removed,  when  it  is  eooled  in  an 
atmosphere  of  carbon  dioxide  and  then  titrated  with  perrnan- 
ganate.  Fcf  the  titanium  determination,  the  other  part  of  the 
solution  is  treated  with  snclium  earbonate  solution  until  a  slight 
preeipilale  is  fonned;  this  is  dissolved  in  as  little  sulphuiie  aeíd  a» 
poesible,  saturated  with  hydrogen  sulphide  in  the  cnld,  and  5  gma« 
of  eodium  aeetatc  which  has  Iwn  neutralized  with  aeel  ta  acid*  is 
added.  Carbon  dioxide  is  ronduoted  through  the  solution,  it  is 
heated  to  boiling,  filtered  hot,  washed  with  water  oonteiniag  hydro- 
gen sulphide,  igfdtod  wet  in  a  platinum  crucible,  and  wcighed  as 

airk. — If  consklerable  iron  is  present,  the  t  Stanic  oxide  thus 

lined  is  likely   to    contain   iron.     It  is  brought    into   solution 

again  by  fusing  with  potassium  pyrosulphate  and  the  precipitation 

is  re]  xaetly  as  before.     In  this  way  a  precipitate  free  from 

btaiced. 

2.  The  ChancekStromeyer  metbod  is  also  s&tiafactory.  The 
solution  from  the  pyrosulphate  fusion,  in  this  čase  after  tx4ng 
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niutraliaed  with  sodium  earbonate.  ta  fcre&ted  witb  an  excess  of 
Bodium  thioeulphate,  diluted  to  about  400-500  e.e.  and  boiled  for 
sonie  tirne.  In  this  way  metatitanie  acid  and  sulphur  are  preeipi- 
d,  while  iron  remains  in  solurinn.  During  the  filtration,  how- 
ever,  the  Sudy  divided  Bulphur  paasea  tfarougfa  the  íiIut,  so  that 
the  fint  method  is  preferable,  In  the  presence  of  considerable 
iron  the  metsititanie  acid  obtained  by  this  method  ta  also  contam- 
iuated  with  iron,  so  that  the  separation  must  be  repeated. 

Separation  of  Aluminium  from  Tttanmrm 

It  has  beeu  propoeed  to  eťfect  this  separation  by  diluting  to  a 
í-uTisiderable  volnnie  the  slightly  acid  solution  of  the  melt  obtained 
by  the  potassium  pyrosulphaíe  íusinn  and  boQing  for  some  time, 
thereby  precipitating  the  litanium  and  leaving  the  aluminium  in 
solution.  This  met  hod,  however,  is  useless,  for  alumina  is  pře- 
eipitated  with  the  metatitanie  acid  unlesa  the  solution  eontains 
eimiigh  acid  to  prevent  this  hydrolysis,  in  which  čase  a  considerable 
amotmt  of  titank  acid  remains  in  solution. 

The  best  separation  is  that  of(iooch;*it  eonsists  of  boiling  a 
Bolution  of  the  two  elemente  contaiaing  considerable  free  acetic 
acid  and  alkali  ueetate;  by  this  nieans  all  of  the  tilanium  and  none 
of  the  aluminium  ta  preolphated.  h\  however,  the  amount  of 
aluminium  present  is  Iarge(as  is  usual  in  rock  analysis),  the  pre- 
cípitate  will  eontain  some  aluminium,  so  that  the  separation  must 
be  repeated.  In  no  čase  is  thera  danger  of  the  predpitation  of  the 
titanium  being  inconiplete, 

In  practiee  it  is  almo-  ury  toseparate  the  titanium 

not  from  aluminium  alone,  but  from  iron  and  aluminium,  so  that 
vlio  metl  ku  |  of  Gooch  will  be  deeeribed  for  thta  more  generál  čase. 

The  solution  obtained  by  dissnlving  the  pyrosulphate  melt  in 

coid  water  ta  fereated  with  tinve  times  aa  much  tartark  acid  as 

tfaa  weight  of  íhr    octídee,  is   saturated  with   hydrogen   sulphide 

í  then  mode  djghtly  amoicittiaeaL    By  this  mcans  all  of  the 

iron   is  precipitatgd   :is  ferfOlfi!  sulphide,  while  the  aluminium  and 

uium  remain  in  solution.     The  ferrous  snlphide  is  filtcred  ofT. 

the  filtráte  ta  aeidified  with  eutphuric  acid,  heated  to  boiling,  and 

the  precipitate  of  sulphur  and  platimun  sulphide  (the  lutíer  from 

the  platinum  crucible  in  which  the  fusion  with  pyrosulphate  wat 

*  l'U«  nu  :t2,  pp.  55  and  08. 
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mode)  ia  filtered  off.    The  filtráte  is  boiled  tu  expd  the  Uat  tr& 
of  hydrogen  sulphide  and  the  tartaric  acid  ía  destroyed  by  adding 
2$  túncs  as  much  potassmin  permangaaate  as  the  arnount  of  tar- 
tarií-  acid  presesxt.    Sulpl  id  is  then  added  nutil  thr  precipi- 

tated  maaganesé  dioaddlB  is  redisaolved,  after  which  a  alighl  1  xceas 
of  auinionia  is  added  and  then  7-10  c.c.  of  glacial  ftCetic  acid  for 
eaofa  100  cc.  of  solutinn.  Tin-  sulution  is  boiled  for  one  minuty 
precipitate  ia  allowed  to  aettle,  and  the  filtráte  ia  decanted 
a  filter,*  transíerml  to  the  niter,  wushed  with  7  per  cent. 
aoetic  acid  and  íinallv  with  bot  vater.    The  dried  precipttate  is 

ignited  over  a  Biiusou  hiirucr  for  ťmm  fiťtecn  to  tuvnív  minules 
and  then  weighed, 

The  precipitate  contains  manganese  and  aluminium,  so  that  it 

is  fused  with  three  times  as  much  sodium  carbonate.     The  melt 

(coloredgreenby  themangaiiese)  is  leached  with  cold  watrrjeaving 

sodium  metatitanate  and  Bome  alumina  mxdbsolved,    The  precipi- 

i*  filtered  off  by  meana  of  a  sinali  filirr.  is  ignited  in  a  platinuxn 

crucible,  and  fused  again  with  a  Iťtlír  srn  litím  carbmiate,  After 
cooling,  the  oontenta  of  the  crudble  are  diaaolved  in  Lít  o.c,  <  f 
suiphiirie  acid  (1  vol.  conc.  H^SO^l  Vol.  H20)  dihited  to  about 
150-200  c.c.  and  treated  wnh  fi  gm,  eodkun  acetate  and  one-tenth 
of  its  volume  of  glacial  aoetíc  acid.  AfteT  boiling  onc  minuté  and 
aDowing  to  atand  until  aettled,  the  precipitate  ia  Bltered  < *fT,  waahed 
with  7  per  cent.  acetic  acid,  then  with  water,  dried,  ignited,  and 
weíghed,  This  precipitate  usuatty  contains  aluminium,  so  that 
it  ia  again  fust  d  with  sodium  carbonate  and  the  meltagain  treated 
with  atzlphuríc  acid,  etc.,exaetly  aa  deacribed  above,  This  time 
the  precipitate  ia  uaually  free  frona  aluminium,  but  the  process 
should  be  repeated  until  a  oonatanl  weight  is  obtained. 

This  analysia  dors  not  require  much  time.  for  usually  the 
amount  of  titanium  přesnít  is  so  small  that  the  preeipitates  61ter 
and  wash  quickly. 

the  detenninatioii  of  verv  small  amoimtS  of  titaniuiíi,  it  is 
advi-iblr  to  use   the   colorimetric  method   proposed  by  Weller. 

der  the  fl  <>f  silicates  will  be  diacuaaed  a  practicalex- 

ample  of  this  determinatioo. 


Schúll'*  filter-puper  No.  589  ts  aatisfaetory  for  this  pur- 
poae 
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Separation  oř  Uranium  from  Iron  and  Aluminium. 

The  slightly  acid  solution,  containing  oónsiderable  <|uantities 
of  amtnonium  salta,  li  trcatod  with  an  exces*  of  amruunium  car- 
bona  to  and  then  with  ainmonium  sulpliide,  allowed  to  sland  ÍOT 
Bome  time  in  a  dosed  flask.  finally  filtered  and  washed  with  water 
containing  aininonium  sulphide. 

The  preoipit&te  contains  th€  iton  aa  ferroua  Bulphide  and  fcfae 
aluminium  as  hydroxide;  in  the  filtráte  is  foiind  all  of  the  uranium 
as  UO^OO^ifNHJ^  The  precipitate  fodissolved  in  hydrochloric 
acidj  its  Bohitbn  řreed  fnmi  hydrqgexi  sulphide  by  boiling,  the 
ferrous  salt  oxidized  to  ferric  salt  by  the  addition  of  potassiuni 
chlorale,  and  the  iron  and  aluminium  detentnned  by  one  of  the 
methods  described  on  page  94. 

The  filtráte  containing  the  uranium  is  evaporated  almost  to 
dryness,  acidified  with  hydrochlorie  acid,  boiled,  and  the  uranium 
preeipifatcd,  by  the  addition  of  aiunmuia.  as  animonium  uranate, 
The  precipitate  is  filtered  ofT.  washed  with  2  per  cent.  ammoniími 
nitráte  aoluttOS  t<>  which  I  little  amninnia  hafl  been  added,  dried, 
ignitedj  and  weighed  as  r.,<  »H. 

The  result  obtainrd  jg  vrrihed  by  heating  the  residue  repeat- 
edlyin  a  currexrt  of  hydrogen  in  a  Rt>*v  crucib)e(see  (oppcrDeter- 
mínation)  untfl  a  constant  might  is  obtaíned;  weigbing  as  1 
The  purity  of  the  precipitate  tnay  also  be  fcested  vuluinetrieaUy 
(see  Volumetric  Analysis). 


B.  DIVISIOff  OF  THE  MONOXIDE3. 
MANGAN  ESE,  N1CKEL,  COBALT,  ZINC 

MANGANESE,  Mek     Ai.Wt.V.  .0. 

Forma:   HnSO„  MnS,  Mn304. 

i.  Determination    as   Manganous    Sulphate,    MnS04. 

Thi^  methodi  fiwt  propoaed  by  Volhard,*  haa  reoentJy  betu 
tested by  Gooeh  and  Aiistin.t  and  baa  beeu  found  Btrictly  aceurate. 
Ehcperimenta  perfonned  by  Schudd  in  the  nnthoťs  laboratory 

*  Aaa.  d.  Chem.  u.  Plorm      lily  }» 
fZcit.  f.  anorg*  Chem.  [1808),  17,  p*  - 
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convplctely  confirm  GooclVs  results;  the  metfaod  is  to-day  the  best 
known  for  the  determination  of  mangan 

Proceduru, — The  oxide  obtained  by  the  ignition  of  the  car- 
bonate,  sulphide,  <>r  of  <ns  manganite,  ifl  dissolved  in  as 

slight  an  exerss  of  snlphuric  acid  as  possible  in  a  poT-eelain 
erucible,  evaporated  as  far  as  poeeible  on  the  water-bath,  after 
which  the  excess  of  acid  is  removed  by  hcating  in  an  air-bath. 
A  pondaio  erucible  provided  with  an  asi  ring  (see  Fig.  11, 

p.  28)  serveš  for  the  air-bath.  The  walls  of  the  snialler  erucible 
should  be  separaled  from  those  of  the  larger  one  by  abnut  1  ein. 

r  the  sulphuric  acid  has  bren  reinovid.  tho  two  mířil »t»> 
are  eovereol  and  heated  to  redness  over  a  good  Bunsen  burner, 
allowed  to  eool  in  a  desieeator  and  weighed.  From  the  WQtghl 
ní  the  nianganous  sulphate,  the  amount  of  manganese  present 
niay  be  caleulated  as  follows: 

MnS04:Mn  =  p;x 

Mn 

^MnSO/^ 

(a)  Separation  of  Manganese  as  Carbonate. 

This  method  for  the  se  parat  ion  of  the  mangamsr  perrnitl  only 

a   limited   application,  because  no  other    rnetal    that   is   preeipi- 

tated  by  alkalí  carbonatea  ran  be  Btmulta&eoUBly  present.    The 
fcherefore,  is  only  snitable  lot  the  determination  of  man- 
ose ín  solntions  of  pure  manganese  salts  containing  nothing 

else  exeept  alkali  and  ammonium  salts. 

According  to  II.  Taním*  the  precipitation  is  best  accompllshed 
means  of  ammonhim  carbonate.  Fot  this  purpoee  the  neutral 
jíion   (which  mav  contain   other  ammonium  salts)  is  treated 

with  a  slight  excesa  of  ammonmia  carbonate,  warmed  gentfyj  and 
í>eaker  containing  the  sohition  is  allowed  to  remain  in  a  luke- 

wartn  water-bath  until  the  preeipitate  has  settled  and  the  upper 

liquid  has  become  clear. 

The  preeipitate  is  filtered  off,  washerl  with  bot  water,  dried, 
and  weighed  either  as  sulphate  according  to  1  oř  as  Mn,04 

according  to  2. 

♦Ch.  News,  2G  (1872),  p.  37,  and  Zeit  f.  anal.  ChenL,  11  (1872),  p-  425, 
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Rcmark\—\{  either  aodimxi  <*r  potarauzn  carbonate  is  ušed  to 
precipitate  the  manganc&e,  the  predpitat*  will  alwavs  mntain 
afleali  carbonate  tfaal  cannotbe  remored  by  vrashiog,  After  the 
precipitate  has  beea  ignited,  however,  the  alkali  carbonate  oan  be 
rosily  extracted  by  water*  Furthrrniure,  the  precipřtattoa  ia  not 
quite  quantitativo;  the  filtráte  alwaya  oóntai&a  small  amounte  of 
manganeso.    In  order  to  remove  tlii-,  it  ia  neocaamy  to  evapo- 

the  aqueooa  eolution  to  drynees,  whereby  the  taang&noue  ei 
bon&te  ia  comptetely  decomposed  hydrulytieally  into  oarbonk  aeid 
and  mang&fious  hydroxide,  and  the  l&tter  in  contart  \\  í  1 1 1  the  air 
changea  to  browfi  rn&nganic  oxide,  Miu>r  The  residuc  obtained 
8T  the  evaporation  is  treated  with  water.  the  stnall  arnotint 
of  brown  mauganese  oompound  filtered  offT  ignited,  and  added  to 
the  mam  part  of  the  precipitate. 

(h)  Separation  of  Mauganese  as  Sulphide. 

Thia  raethod  is  employed  wheti  it  is  necessary  to  Beparate  mail- 
anese  froni  caleium,  strontium,  barium,  and  magnesium. 

We  WÍ11  distinguish  hetween  two  different  eaaei 

(a)  The  Bolution  contaius,  besidea  nmngaiiesc,  large  aniounts 
of  the  alkaline  eartha  <>r  magnesium. 

(;?)  The  Bolution  eontaiOfl  only  small  amounts  of  the  alkaline 
earths  or  magnesium. 

(a)  In  čase  large  amounts  of  the  alkaline  earlhs  Oř  magnesium 
are  present,  the  manga  nese  sulphide  must  be  precipitated  in  the 

I  in  the  presence  of  eonsiderable  ammonium  salts. 

The  aohltioo  i-  placed  in  an  Erlenmeyer  rlask  of  Jena  glass  and 
about  S  gm.  of  ammonium  chloride  or  ammoiiium  nitráte  are  added. 
In  čase  thesolution  reacte  acid,  atnmoma  is  added  until  i1  Ls  slightly 
alkaline.  slight  excese  of  froshly-prepared,  oolortees  ammo- 

nium sulphide  so  Jut  ion  i  The  flask  is  now  nearly  filled 

with  eoH distilled  water  that  hae  been  boiled, oorked,  and  aUowed 

I  and  twenty-four  houiB,  oř,  better,  still  longer.     Aftcr  this  tinie 

the  flesh-eoWed  preoipitate  will  háve  set t led.   The  elear  upper  liqiiid 

rcíully  derauTed  thmugh  a  filtert*  takhig  pains  nut  to  disturb 

the  precipitate  and  to  lo-ep  the  lílter  fdled  with  limiid  all  the  tkne. 

*  Schleieher  &  SchúIFs  íilter-píiper  No,  590  can  be  ušed  to  advantage. 
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L  the  precipitate  is  at  all  bulky,  ií  ia  traahad  three  tiXDflfl  bj  decan- 
tatíon  witli  a  5  percent,  solutinn  of  ammonium  nitráte  to  whichhas 
tded  1  C.C.  of  amtnonium  sulphide.  The  precipitate  ifl  then 
transferml  to  the  liber  and  wasbod  with  clilute  ammoiúum  sul- 
phidc  vater  until  20  drops  of  the  filtru  Ir  rvaporated  to  dryness  on 
a  erucible-covrr  le&Vti  no  rrsidm\     \o\v  fnr  thc  first  tiine  the  filter 

kilowed  to  drain  completely  and  ifl  dried.     As  much  of  the  pre- 
cipitate as  possible  is  tranaferred  to  a  sinali  thin-wallcd  porcelaui 
crucible,  the  filter-papcr  is  burned  in  a  platiniun  spirnbaud  the  ash 
.■lin  portion  of  thc  precipitate  in  the  crucible.     The 
uneovered  crucible  is  heated  over  a  smál!  fláme  until  the  greater 

I  nf  the  sulphur  has  been  burned  off+  when  the  fláme  is  inereased 
and  the  crucible  is  finally  heated  over  the  fláme  of  a  Tedu  btirner, 

led,  and  wcighed  as  Mn3()4  (cf.  p,  109,  sub.  3),  The  beating  is 
rcpeated  until  a  constant  weight  is  obtained.  Manganous  sulphide 
U  readily  changed  to  Mna04  U  the  amount  of  sulphide  is  conipum- 
ti  vely  sniall.  In  ease  more  thaii  0.2  gm.  are  pršeni  thcre  is  danger 
of  getting  a  too  high  rosult  on  account  of  some  manganous  sulphate 
DOt  bring  decojnpoaed.  In  this  ease  it  is  advisable  o>  dissolve  the 
precipitate  of  mangartous  sulphide  in  diJute  hydfoohlork 
aporate  the  solution  to  dryness  in  order  to  remove  all 
hydxogen  sulphide,  to  disaolve  the  raddue  is  a  little  water  and  to 

ipitatf  the  manganese  as  oarboxutte  aooording  to  i;   or  thc 
man  sulphide  can  be  weighei  p.  108,) 

•  iiiiV  sniall  amounts  of  alkaline  eartlis  are  pn 
the  followiiig  proceduře  can  be  ušed:  The  neutra]  Bolutioa  is  heated 
U)  boilfclgj  as  excess  of  ammonia  and  some  ammonium  sulphide 
is  added  and  the  boiting  is  continued  nutil  the  manganous  sulphide 
hafl  heroine  a  dirty  greea.  The  precipitate  is  allowed  to  settle  for 
aome  minutes  and  is  then  filtered  and  washed  vvith  water  contain- 
ing  fi  little  ammonium  sulphide.  From  this  point  the  proceduře 
i-  the  NUCOfi  a>  deseribed  iinder  (a). 

{c)  Separation  of  Manganese  as  Manganese  Díoxide. 

acid  or  neutral  manganous  sólu  t  ion  i>  treated  with 
brom  ii"  water  until  it  becomes  dark-brown  oolored,  aranaidi 
ble  exceas  of  ammonia  added*  and  the  solution  heated  to   boil- 

♦Thc  addition  of  ammonia  is  not  nt-i^ssary  ni  an  acetic  ordilute  aitrío 
arid  solation  when  ammonium  nalts  are  absent. 
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mg,  the  manganese  will  be  precipitated  in  the  form  oř  an  oxide  of 
varying  oompoeltion.  The  excese  of  bromitte  is  taken  up  by  theam- 
monia,  forming  ammonium  bromide  and  ammonium  hypobromitc: 

2Br-f2NHlOH  =  NH4Br+NH4BrO  +  H  n 

Ammonium  hy  pohromíte,  hnwever,  immediately  oxidizes  ammo- 
nia  wíth  evolutlon  of  nitrogen: 

2NH3 + 3NH4BK>  =  3H.0  +  3NH,Br  +  N„ 

so  that  the  beakcr  must  be  kept  covered  during  the  boiling. 

When  the  precipitate  has  eolleeted  together  in  large  flocks  the 
boiling  is  discontinuedT  the  precipitate  allowed  to  settle,  filteFvd, 
and  washed  with  hot  water,  taking  pains  not  to  break  up  the  pre- 
( i|>itate  during  the  washing.  The  dried  precipitate  is  ignited  and 
woighed  as  MiiaO^ 

Instead  of  bromine,  chlorine,  hydrogen  peroxide,  hypochlurites, 
rte.,  may  be  ušed;  they  possess,  however,  no  advantages  over 
bivniiiu*. 

This  method  of  precipitating  manganese  from  solutions  pos- 
s»— vs  disadvaittílges  which  make  il  uselefifi  in  many  GASfiB.  If 
the  snlution  contains,  besides  nianganese,  calciiim,  zine,  etc,  man- 
ganitem of  these  nietals  are  precipitated  with  tlie  manganese.  In 
this  čase  the  precipitate  must  l»e  dissolved  nrhydroehloric  acid 
Btnd  tlir  pnt  ipitatinii  repeated  scveral  times,  but  even  then  it  fa 
not  possiblc  to  obtain  a  precipitate  altogethcr  free  from  these 
metale,    If  the  other  metala  ave  proecat  only  tn  malí  amounts,  the 

results   obiained    hy    this   method    are   sufíicicnt.ly   accurate.     The 
prenjátation  of  manganese  as  sulphide  in  the  presence  of  oii 
metala  Í8  atwaya  »iy  and  should  be  ušed  in  almost  all  cases. 

2*   Determination  of  Manganese  as  Sulphide. 

If  the  mangaoeee   hafl   beea   precipitated.   as  deseribed   mi   p. 
106,  as  sulphide,  the  precipitate  ta  separated  from  the  filter  as 
completely   as  possible,  pU&ced  Ln  a  Huse  omeible  (oí  unglai 
poseetain),  the  filter  i<  burned  in  a  platimtm  spirál,  and  the  eab 

added  to  the  niain  port  ion  of  the  precipitate.  Bome  nu  re  sulphur 
which  has  been  cryetallized  from  addedj  aftet  which  the 

crvicible  and  its  conteuts  are  heated  in  a  current  of  hydrogen  by 
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iririins  of  a  Bunsen  burner  exaetly  as  desmbcd  umler  the  Deter- 
inmation  of  (\»pprr  Bfl  Snlj*hi< liv  After  the  OS06tt  <>í  sulphur  has 
distifled  off  and  1)660  burned,  the  erueible  u  cookd  in  a  streani 
of  bydrogea  and  thc  precipitate  is  weighed  as  Mns. 


3,  Determination  of  Manganese  as  Mn^O^ 


rlnasmuch  as  all  tibě  oaddee  of  manganese,  &a  uell  as  H 
minpounds  whieh  are  eonverted  into  oxide  on  ignition  (manga- 
nuits  salts  of  volatile  organic  and  inorganic  acids,  with  tln 
eeptimi  of  fcbe  halogen  salts) .  are  eonverted  into  Mna( ){  OD  heing 
ignited  in  the  air,  it  follnws  that  this  méthod  for  the  det&rminatioo 
Of  manganese  is  quite  generally  applieabk\  It  is,  indeed,  not 
accurate  ae  fche  metboda  deseribed  nnder  1  and  2.  bec&uae  the 
tninpnsitiun  of  tho  ignited  product  is  not  quite  constant ;  some- 
tiíiiis  it  eontains  MnOJt  sonietimes  Mn,Or  If  it  htw  been  heated 
ar  tOO  lOW  a  temperature,  it  eontains  MnOa,  while  it  is  likel 
<niit;»in  Mn/lj  in  rase  it  is  heated  with  free  aOC6B8  of  air  at  a  high 
aperature.  Vory  good  reeulte  are  obtaifted  if,  as  reoomme&ded 
by  GoochT*  the  porcelaifl  Grucible  (cmítaining  ihe  caibo&ote, 
minganoitt  manganite,  or  Bulphide)  is  entirely  snrroimded  by  the 
«>\idation  fláme  of  a  Teclu  burner,  wherehv  a  moderately  high 
heal  is  obtained  witimut  tou  much  free  aceess  of  aii\1 

r  the  ignition,  the  emeible  and  its  eontents  are  cooled  in 
a  desiocator  and  tfaen  weigbed.  Fikjdq  lbe  weight  p  of  the 
oxide,  the  amouol  of  lOftaganěBe  ran  be  rtaifrulMftd  according  to 
the  equation 

Mn104;3Mn  =  p:jt 
3Mn 


•Zeit.  f.  anorg.  Chom.,  XVII  (180S),  p.  2ftí. 

I<  i  Hustnu^  (In  accuracy  of  iho  ilin-c  meihoclsjust  deseribed  for  the  de-» 
trniiinutiun  of  mang&ne&e,  the  foilowing  re«ults  ohtainrd  by  H.  Weft&aiMf 
are  given.  Ho  obtained  after  making  sbc  determinatioM  )>y  each  uethod 
the  foilowing  mean  W  e.e.  of  a  pnre  DQ&DgBneiG  BPúlphatr  ■nhltforti 

treated  with  aounoni earbonate  and  chuigiiig  Um  pradpitatc  to  núphato 

gftve  0  1025  gn    Mn;  by  preeiptt&ting  as  tulphide  and  weighing  as  guelfc 
;  gra    Mu;  and  by  changtng  the  sulphate  to  Mn,0|(  0d029  gm.  Mn. 
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Ma  >  an  be  dgtenmzied  vory  aoourately  by  volumetric 

metbods  (aee  Volumetric  Analysis). 

Sinali  aniounts  of  mangům  may  be  aecurately  and  quickly 
detcrmined  by  the  cohrimctric  method.  Tliis  is  chienv  ušed  for 
tlir  csiimatioii  of  the  mangancse  present  in  iron  aru l  steel.  If 
more  i  han  1.5  per  cent.  of  BuujganeBe  i-  prezent,  the  reaulte  are 
unreliabie.  The  cnethod  depeadfl  upoc  the-  oxidatioD  of  the 
mangancse  to  permanganic  acid,  bringiog  the  Bolution  to  a  riefinit** 
volume  md  comparing  tta  ocdof  with  another  Bolution  oo&tainizig 
a  known  amount  of  manganesc.  If  the  solutions  are  eolored 
exactly  the  samé  shade,  then  the  aniounts  of  manganese  which 
they  contain  are  the  samc 

Proceduře. — A  standard  salut  ion  of  potasshnn  pcrmangauatc 
is  first  prepared  by  dissolving  0.072  gin.  of  the  exystallized  salt  in 
500  c.c.  of  water;  1  c.c.  of  thia  BOlutíon  cnmains  0.05  mgm.  of 
manganese. 

Exactly  0.2  gm.  of  the  iron  oi  stee!  ta  dissolved  in  15-20  c.c. 
af  ni  tri  <*  k  gr.  1.2)  in  a  100-c.c  measuring-flask.     The  acid 

is  heated  to  boiling  to  etíect  eomplete  solution,  after  which  the 
solution  is  allowed  to  coul  and  diluted  up  to  the  inark  with  water. 
After  thoroughly  mixing,  10  e,c  of  the  liquid  are  brought  by  nu 
0Í  a  pipette  into  a  small  l>eaker,  2  c.c  of  nitric  acid  (sp.  gr.  L2) 
are  added.  and  the  liquid  is  heated  until  it  hcgius  to  boil,  when  the 
fláme  ie  removed,  0.5  gni.  of  lead  peroxide  is  added,  the  mix  ture 

haken  and  then  heated  for  two  minutes  to  boiling.  After 
standing  sumě  timc  the  warm,  violet -eolored  solutioo  is  filtered 
through  a  small  asbestos  řilter  *  into  a  glass-stoppercd  test-tube 
about  20  cm.  high,  and  graduatcd  in  cubic  centimeters.  The 
filter  ie  waahed  with  aa  littlc  water  as  poaabfe,  the  tube  is  Btoppered 
and  shaken  until  the  solution  is  thoroughly  niixed.  Into  a 
second  tube  of  the  satne  size«  and  also  graduatcd  in  cubic  centi- 
meters,  is  placed  1-5  c.c  of  the  standard  manganese  solution. 
and  this  is  carefully  dihited  with  water  until  the  fcwo  tiquide  háve 
exactly  the  sama  afaade  when  viewed  horiMontoliff.    The  hcight 

of  the  liquid  in  (ach  tube  is  then  carefully  read. 

Assuniing   that   /    c.(X    of   the   standard    Bolution    were    placed 

*TIh-  Bflbertoa  rnust  háve  beeo  previously  ignited,  treated  with  KMn04 
Bolution,  ítnd  fmally  washed  with  water. 
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khe  eylinder  and  diluted  to  T  v.<\  in  onler  to  obtain  the  samé 

iide  produced  by  ^cx.  ofthe  other  Bolutio&j  t.hen  as  tbe  oon* 

eontrations  of  the  two    fiqilidfl  are  ilireeflv  pinportional  to  their 

/,  r0.05  mgm. 

r 


x  = 


This  amount  of  mai  >s  rontained  in  0.02  gin.  of  the 

iron,  sg  that  the  percetitage  <>f  nmnganese  present  is 


0.02: 


V  f.  0.00005 


100  :x 


z  = 


47' 


per  cent.  Mu. 


Rather  more  aeru ra to  results  are  nbtained  if,  instead  of  using 
a  standard  sohition  obtained    írom    potassium  permanganat 
Minple  of  steel  is  ušed  euiiluiuing  a  known  amount  of  mangan  eso 

1  tftftted  in  exactlv  the  samé  WBy  Ifl  the  saniple  bd  bc  analyssed, 
a  fresh  standard  bcing  prepared  for  each  analysis. 


NICKEL,  Ni.     At.  Wt,  587. 
Forms:  Nickelous  Oxide,  NiO,   Nickel,  NÍ. 

i,  Deterniination  as  Nickelous  Oxide. 

(a)  The  nicka!  aolutiots  ifl  taatad  in  a  porcelain  dish  with  an 
excess  of  pare  potassima  hydroxide,  with  the  odditkni  of  bromine 
water,  wherebv  the  nickel  is  precipit&ted  as  browni&h-black  oickelio 
hydroxide,  Xi(c  >H)3.    Thf  precipit&te  ia  Slterod  off,  waehed  by 

mtatiOD  with  bot  water,  dried,  and  after  burning  the  filter,  is 

bod  aád  weighed  as  NiO.  Tin*  gr&ylsh-greefl  oxide  thue  ob* 
iced  almoet  always  contains  traees  * »f  siliea  fhut  rm  alkali).*  It 
-ary,  therefon\  to  detenaine  the  amunnt  of  bí] 

ítéfís  to  obtain  ooirect  resulte.  For  this  purpose  the  oxide  i^ 
treated  in  the  porcelain   crucible  with  hydrochloric   and.  evapo- 

♦  Or  at  least  onlv  it % •■< •-.      tuerbach   íiíihmI,  at  the  uiost,  A  *agni.  alkiili 
inecipitates  wtightng  0*1-0.2  em. 
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rated  corapletely  to  drynees,  iho  Ary  rosiduc  is  moistened  with 
co  n  centra  teti  hydfOChloríc  acid  and  then  with  bot  water,  filtered 
throufih  a  small  ftJter,  wushcd  with  hot  water,  and  the  niter  together 
with  the  residue  is  ígnitcd  wet  in  a  platinum  crueible. 

It  is  easier  still  to  determiiie  the  ammnit  of  nickel  prese nt  by 
igniling  the  wcighed  mixture  in  a  current  •_*F  hydrogen  over  the 
blastdarnp.  By  this  rneans  the  nickel  oxide  is  reduced  to  metallic 
nickel,  while  the  silica  ís  unaffeeted,  After  allowing  to  cool  m 
nu  atmospherc  of  hydm^cn,  the  erucible  is  again  weighed;  the 
Joss  oť  weíglit  corresponds  to  the  weíght  of  the  oxygen  oríginally 
eombined  with  the  oiekfiL  If  thr  lose  of  weight  atnounted  to 
/>  pih  the  corresponding  amount  of  nickel  may  be  ealenlated  as 
foUowa: 


O    Ni 
16:58.7- 


p:x 


58.7 
*-  7-* 

(6)  If  the  niekelous  salt  is  precipitated  by  caustíc  potash 
solution  without  the  addition  of  broinine,  apple-green  niekelous 
hydroxide  Nl(OH),  is  precipitated,  which  is  verv*  difrkult  to  filter, 
for  after  long  washing  a  turbid  filtráte  is  obtained,  which  is  not  the 
čase  with  oickelic  hydroxide.  Furthermore  the  preeipitate  aiways 
contains  alkali  as  well  as  silica;  this  eannot  be  removed  by  wash- 
iag.  The  preeipitate  is,  thcrefore,  ignited,  the  alkali  is  then  dis- 
BOlved  Olrt  by  treatincnt  with  water,  the  preeipitate  is  again  ignited 
and  weighed,  and  the  amount  of  silica  present  determined  as  above 
deseribed. 


2,  Determination  of  Nickel  as  Metal  by  Electrolysis. 

Frorn  acid  řolutions  nickel  is  not  deposited  by  a  current  of 
1-2  ani  pereš. 

Froni  neutra!  Solutions  nickel  is  partly  deposited,  but  even  a 
small  amount  of  free  aoetic  acid  prevents  this. 

1  mm  aOcaline  solutions  nickel  is  readily  deposited  and  on 
account  pí  its  simplicity  and  aceuracy  this  method  is  to  be  pre- 
ferred  over  all  others  for  the  determination  of  nickel. 


METHOD  OF  GÍBBS  FOR  DETERMtNATiON  OF  NICKEL        l ti 


Method  of  Gibbs. 

Klekal  suJphate  oř  chloride  (but  not  the  nitráte)  is  dissolved  in 
an  UOmotUAea]  eoltltioil  of  ammonhun  sulphate  and  elcclrolyzed. 

BéqUŘTetnvnis  and  Provalit  re. —Vor  this,  as  well  as  for  iiJl  nther 
efeetrolytio  detenninatkms,  the  apparatus  shown  in  Fig,  30  may 
be  um  cL 


i|i|i|th 


Fig.  30, 

B  represents  a  storagc-battery,  whieh  is  found  to-day  in  almost 
all  analytieal  lahoratories.  The  current  is  Jed  first  through  the 
resistance  W,  from  here  to  the  decomposition  cell,  then  throngh 
the  known  resistance  S  (a  resistance  of  1  ohni  is  most  convpnient 
to  use),  and  finally  back  to  the  battery.     In  order  thal  the  sirmpth 

the  current  ean  be  measured  at  all  times,  the  two  binding-pnsts 
of  the  resistance  8  are  connected  with  the  tnercury  eupe  aa  of  the 
commutator  Q,  while  the  CUpfl  U  are  connected  with  the  sensitive 
volt  meter  V.     Since,  according  to  Ohnťs  la\vt  the 

Electroniottve  force 


Strenjíth  nf  rnrn-nt 


hen  if  the  strength  of  the  curnut   is  cxprcssed  in  ainperes,  the 
ctroraotive  force  in  volte,  and  the  resistauce  in  ohnis,  we  háve 


A-w- 
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In  čase  TF  =  1  oh m,  t b efi 


A  =  E} 


and  the  voltmeter  will  show  direriiy  the  strength  of  the  current 
(ampcres).  If  we  wish  to  know  the  difTerence  in  potential  betvees 
tíbe  twu  éleotrodQB  of  the  elcetmlytic  cell,  it.  is  only  neoessary  to  con- 
nectthewires  q  and  p  with  the  anodě  and  tin  oathode  n  sp.r  tivtly, 
and  with  the  mercury-cupa  ce,  then  by  reversing  the  eommutator 
the  volt  meter  will  show  the  difference  in  potential  desired. 

The  resi Stance  W  is  prepared  by  taking  about  10  meters  of 
niťkel  wire  of  about  1  min.  diarueter,  střeleb  i  ng  it  on  a  board 
and  oozuiecting  each  two  oeighboring  lengthe  by  means  of  ■  wide 
brass  ho< >k.  In  Fig.  30  only  one  such  ho< >k  ifl  shown p  fc.  By  tnoving 
this  conneeting  honk  up  oř  down  alniost  any  drsired  resis  tance 
may  líe  obtaineil. 

The  dectrolytic  cell.  acconiing  to  Classen,  shoukl  consist  of  a 
200-c.e.  platinum  dish  with  tta  inaide  surfaee  utkpolished]  to  serve 
as  the  cathode.  A  platinum  spirál,  such  u<  is  shown  in  Fig;  26,  is 
usually  ušed  for  the  anodě,  or  else  Classen's  "disk-electrode/1 
made  out  of  a  rireular  plece  of  j «]:t t iiiiiin  foi]  about  3.5-4  cni.  in 
dia  meter  and  riveted  to  a  pieee  of  heavy  platinum  wire. 

The  detennination  of  nickel  is  carried  out  Iti  íullows:  For  every 
0.25-0.30  gm,  nickel,  prese nt  as  sulphute  oř  chloride,  but  not  as 
nitráte,  5-10  gm.  of  aininonium  sulphate  and  .'ÍD-40  e.e.  ní  concen- 
trated  annnonia  are  added,  and  the  solution  diluted  with  distilled 
water  to  1  volume  of  150  co*  Th  is  solut ion  is  elec  t n  >ly  zet  1  a  t  th  e  room 
temperature  with  a  current  of  0.5-1.5  amp&ree  and  an  electromotive 
foroe  of  2.8-3.3  volts.  The  eleetrolysis  is  fmished  after  three  hours. 
If  the  solution  is  kept  at  a  tempera  ture  of  from  50-60°  C.  only  about 
one  bouř  is  neee&sary  for  the  depositioii,  bul  the  aut  hor  pn  f<  ca  to 
woik  with  ooW  >olutiuhs,  The  depoaited  meta]  adheresfirinh*  to  the 
eleetrode,  m  bright,  and  *ee  almoet  the  eolor  of  platinum. 

After  the  eurrent  has  passed  through  the  cell  for  aboul  three  hours, 
a  little  of  the  solution  is  removed  by  means  of  a  cupillary  tube  and 

ted  with  ammoniurn  snlpliid*  I  all  the  nieke!  has  been 

depossted  li  a  black  preeipitatc  ifl  not  furnied,  the  nickel  is  shown 
to  be  absent, 

The  cireuit  is  tlien  broken,  the  liquid  poured  off,  and  1  he  plat- 


COBALT. 

inurn  dish  is  washed  first  with  water  and  then  with  absolute  alcohol 
(distilled  over  linie)  and  finally  with  ether,  allowed  to  remaúi  in 
the  hot  doset  at  95°  C.  for  one  minuté  and  then  weighed.  The 
results  are  accurate. 

(6)  Method  of  Classen. 

As  electrolytet  Classen  ehooses  niekel-ammonimn  Cfirnllrtl. 

For  each  0,25-0.3  gm.  of  the  metal  as  sulphate,  5-6  gin.  of 
ammomum  oxalate  ave  added  and  150  co.  of  vater  and  the  solu- 
tíúú  is  eleetrolyzed  with  a  current  of  1  ampere  at  a  temperature  of 
50-00°  C.  and  with  a  diference  In  potential  of  2.8-3.3  m  li  The 
metal  is  eompletely  deposited  in  four  hours,  or  if  the  sólu  t  ion  is 

r  at  the  roozn  temper&turej  in  abnut  six  honrs.    If  a  weaker 

rent  is  ušed,  the  niekel  h  deposited  eqoallv  well,  Imt  it  is  advisar 
ble  in  this  ease  to  inerease  the  current  at  the  end  to  1-1.5  amperes 
in  order  to  remove  the  last  traces  of  niekel. 

The  deposited  niekel  is  briirlit  iteďgny  With  :i  slight  reddish 
tinge.  It  is  washed  and  dried  exactly  as  deseribed  under  (a), 
The  results  are  excellent 

COBALT,  Oo.      At.  Wfc  59. 

Farm:  Co,  CoS04. 

i.  Determination  as  Metah 

\\w  rolmlt  soiution  is  heated  to  boiling  in  ■  porcrlain  evaporat- 
ing-diahi  and  the  cobalt  is  precipitated  aa  blaek  oobaltic  hydroxide 

the  additioi]  of  cauatus  potaab  and  b  au-r.    The  pre- 

eipitate  in  fdtered  oťf,*  dried,  and  ignited.  After  cooling  it 
is  tnaled  wiih  water  ín  order  to  remove  the  sinali  amonní  of 
alka  li  whieh  is  always  přeseli  t,  after  whieh  the  resulne  is  ignited 
in  b  of  hydrogeo  and  weighed  as  metal.     After  weighing, 

olved  in  hydrochloric  acid,  evaporated  to  dryn- 
the  *\w  maae  tnoistened  with  hydrochloric  acid,  then  treated  with 
wi\u  r,  and  the  amaU  residue  of  silicic  acid  is  filteml  off,    Tíiis  resi- 

baltk  hydroxide,  unlike  niekclir  hydroxide,  hal  thfl  taideoey  oř 
piving  a  fcoibíd  filtráte  od  vraehing.  If,  bowevtir,  Benktchor  A  SehiuTs 
Uitr-papCK  No.  5S9  (blue  band)  is  ušed,  lione  oř  the  precipitate  passea 


n6 
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due  ífi  ignited  and  hs  weigjhl  subtracted  from  that  obtained  after  tht 
igiiiti<>n  in  bydrogen.  ('obalt  rnay  ako  be  precipitated  as  cobaltons 
hydroxide  by  eaustie  potash  alone,  but  the  rcsulting  predpltate 
is  not  so  easy  to  filter  and  wash  as  the  cobaltic  hydroxide.  The 
pivripitatiun  by  means  of  sodium  earbonate  is  not  so  satisfactory. 
The  oaddes  of  cobalt  when  ignited  in  air  vtekl  a  mix  ture  of  OcK  \ 
and  Co/),  in  varying  pruportiuns,  so  that  they  are  not  suited  for 
the  <|uantitative  determination  of  cobalt 

2,  Eleetrolytic  Determination  of  Cobalt. 

The  eleetrolytic  determination  of  oobah  is  very  satisfactory 
and  the  method  of  proceduře  is  exactly  as  was  described  under 
Nickel. 

3.  Determination  as  Sulphate. 

The  method  is  the  samé  as  was  described  under  Manganese 
(p*  104), 

Zmc,  Zn.     At.  Wt.  65.4, 
Forms:  ZnO,  ZnS,  Zn. 

1.  Determination  as  Zině  Oxide. 

The  carbonate,  nitráte,  acetate,  and  oxalate  of  zínc  are  readily 
and  quantitatively  elumged  to  zine  oxide  by  ignition  in  the  air; 
in  the  čase  of  the  sulphate,  when  prezent  in  relatively  large  amounts, 
the  transfurnuition  into  oxide  is  diffieult.  SmaJl  amounts  of  the 
sulphate  niay  be  cha&ged  to  oxide  by  igniting  over  the  blast-lamp. 
It  is  advisabie,  however,  in  čase  the  zine  is  prcsent  as  sulphate,  to 
precipitate  it  from  the  aqueous  solution  as  sulphide  and  weigh  it 
as  soch  acooxdmg  to  2;  oř  to  dissolve  the  sulphide  on  the  filter  in 
dilute  hydroehloric  aeid,  reeciving  the  Bolutbtl  in  a  weighed  plňti- 
nuni  dish,  evaporating  to  dryness  on  the  water-bath,  and  ehanging 
tn  onle  by  the  method  of  Ynlhard  B8  described  below,  and  Weigh- 
ing  as  sueh. 

The  chloride  b  readily  changed  to  oxide,  aocording  to  Yolhurd, 
by  gentle  ignition  with  pure  mereurie  oxide.  The  procese  b  as 
follows:  The  neutral  solution  of  the  chloride,  contained  in  a 
platinum  dish,  is  treated  with  a  large  excess  of  pure  ycllow  □ 
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curie  oxide*  suspended  in  wuter  and  evaporated  to  dryness  nu 
the  watcr-bath,  whereby  inerctiric  chloride  and  zinc  oxide  are 
formed, 

ZnC^+HgO-ZcO+HgCl^ 

1  >* >  1 1 1  <>f  which  are  white  substance*.  Enough  mercuric  oxide 
should  be  ušed  BO  lhát  1 1  ic -  residne  ohtained  after  the  evaporatimi 
is  noiieeablv  yellow. 

Th«  drv  inass  b8  iirnited  imder  íi  hood  with  l  good  draft  (oso 
account  of  the  mereujy  vapors}:*nngpoisonoijs),at  first  genlly  nud 
finally  stroíuzly,  and  the  residne  of  zinc  oxide  is  weighed,  both 
mercuric  chloride  and  oxide  being  vulatile.  The  rcsulis  ;nv 
excellent. 

If  the  Bolutíoo  contáina,  beeidee  zinc,  ako  alkalics,  the  zinc  can 
be  prceipitated  as  earbonate  and  chaziged  to  oxide  upon  ignition. 
The  precipitation  of  the  zinc  earbonate  >h«»uld  také  pláce  in  a 
porcelain  dish  and  the  sodiurn  earbonate  solution  should  be  added 
drop  by  drop  to  the  cold,  barely  acid  BOhltíoi)  frče  front  ammoniuni 
salts.  The  sodium  earbonate  is  added  until  the  zinc  solution 
becoaies  turbid,  when  it  is  heated  ta  botUog,  whereby  the  greatef 
part  of  tlie  zinc  is  prceipitated  as  granular  zinc  earbonate.  Tun 
dropi  of  phenol-phthalein    solution   are   then   added   and   enough 

limu  earbonate  solution  to  impart  a  tlistínel  pink  color.  In 
dfl  wav  a  prceipiuite  of  zinc  earbonate  is  obiained  free  frorn  alkali, 
Mrhich  is  not,  the  čase  if  the  liut  solution  is  at  unce  preeipih, 
by  the  additicn  of  au  exeeee  ol  sodium  eurbonatcf  The  preeipitate 
i>  hltered  froui  ihe  kot  Bolution  and  washed  with  hot  water  until 
20  drope  <»f  the  filtráte  leave  no  residne  on  cvaporatimi.  The  pře- 
ci|)iiate  is  dried,  the  greater  pari  traaaferred  to  a  weighed  poroe- 

*  Tin*  inemirn   uxiih-  1-  prepared  by  pnvipifrttinf;  a  solution  of  met 
chloride  nfth  purr  caustic  potaeh.    The  precipitate  i*  allowed  to  >ittir, 
wash<<i  by  deoantation  with  water  lintil   free  from  chloride,  and  k»ipt   hi>- 
led  in  watcr  in  a  bet  tle  with  a  wide  mek.     A  eonsiderahle  amount  of 
inefCUfic  oxide,  say  5-10  gm.,  should  leave  no  weighable  residue  d 
ígnit 

t  In  čase  considerable  amounts  of  ammonium  salta  are  preaent 
may  be  no  precipitation,     Sodium  earbonate    should  then  be  added  until 
the  solution  is  alightly  alkaline  and  the  solution  boiled  until  all  the  amni« 
is  expelled. 
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kin  CTUCÍble,  the  filter  burned  by  itself  in  a  platinum  spirál,  and 
tlít-  ash  added  to  the  rnaia  part  of  lbe  preeipitaie  in  the  crucible, 
wbicb  is  ignited,  a1  hrst  gently  and  finally  strnngly,  overaTeelu 
burner  and  weighed  *  after  cooling  iii  a  desiecator. 

2.  Determination  as  Sulphide. 

This  determination  is  chosen  when  the  zinc  is  prcsent  in  a 
sohninii  oontaixúxig  anmionium  šalte,  oř  when  it  is  necessary  to 
separate  ainc  froni  alkalíne  earths.  alkalíes  oř  nietals  of  this  group. 
Zinc  sulphide  nuiy  be  preeipitated  from  ammoniaeal  solutions,  oř 
from  solutions  containing  free  acetic,  formic,  eitric,  oř  sulphocyanic 
íieids. 

PrecipUotion  of  ZnS  from  Ammoninrnl   Solutions, 

The  slightly  add  solution  is  placed  in  an  Erlennieyer  flask 
and  treated  with  Bodfltm  carbonate  solution  until  a  permanent 
precipitate  is  obtaincd.  This  is  dissolved  by  the  addition  of  a 
íew  drops  nf  amnionia.  after  whhh  fur  every  100  e*C.  of  the  sólu  t  ion 
Sgms.  of  amnionium  acetate  (nr,  better,  ammomum  thiocyanate) 
are  added,  Followed  by  ■  sli^ht  exoess  of  freshly  prepared  ammo- 
nhini  sulphide,  the  íla>k  is  nearly  filled  with  boQed  water,  atoppeťed 
nud  allowed  tc»  stand  twrlve  to  twenty-four  hours.  Without  dis- 
turbiny  the  preeipitate,  bbe  <lear  upper  liquid is poured  throqghft 
SchleicherA  BchulTa  filter  N<»  590,  The  precipitate  ifl  eovered 
with  a  BoJution  oontaining  in every  100  co.  5  gms.  of  amnionium  m 

for  amnionium  thiocvuiuov)  and  2  cc  of  ammonium  sulphide 
sol  uí  ion.  ihaken,  allowed  t<>  set  tle,  and  the  turbid  upper  liquid  is 
poničí  throngh  the  filter,  taking  care  to  rereive  the  filtráte  in  a 
freah  beaker;  in  ease  it  comes  through  turbid  it  is  poured  through 
the  filter  again.     The  d<  n   is  repeated  three   times,  after 

wliiťh  the  preeipitate  is  iransferred  to  the  filter  and  W&fthed  mm- 
pli  t<  Iv  with  the  abbve  Bolutioa,  taking  paiofi  to  keep  the  filter  full 
of  the  wusli  liquid  during  the  entire  operatŠou,  finally  waahing  with 
water  containing  amnionium  .sulphide  only.    The  precipitate  is 

*  If  tlie  BOhltion  OO&taillfl  šulpluité,  íbo  preeipitate  produrod  l»y  sodíum 

e&rbooati  ofitaiiu  more  »»r  \em  lulphate,  which  tsmy  eanfy 

lead  to  htgt)  multa  In  tlie  pronence  of  sulphates,  íhťreFore,  it  is  ndvísable 
to  ptiKÁpítate  the  line  as  sulphide  and  detemiíne  it  as  such  accordhig  to  2. 


SEPARATION  OF  MANGANESE,  ETC.t  FROM  ALKAUNE  EARTHS.  H9 

then  dried,  tranafeřred  bě  completely  ai  poeeitde  to  a  weighed  Rose 
orucible,  the  íilter  buraed  by  itseJf  and  the  ash  added  to  tbe  mail) 
portíoo  of  tbe  precipitate.    The  precipitate  ia  now  cnixed  with  the 

a  id  of  a  platimim  WÍT6,  with  one-tli  uch  pure  sulphnr,  eovered 

with  a  layer  of  sulphur  aml  hested,  as  deecribed  tmder  Bfanganeee 

(p.  10S)  in  a  current  of  hydropen.  The  crucible  Ifl  fi  rudly  allowed 
to  oool  iií  the  BtráuoD  of  bydrogen  and  firom  the  weight  of  the 

zinc  sulphide  the  weight  of  zinc  present  is  calculated, 

ZfiS:Zn-p:S 

te  =  ŽnSP' 

and  if  a  is  the  amount  of  the  originál  substance,  then  the  per  cent. 
of  zinc  is 

a:  1¥—,p=lQQ;z 

ZnS 

100  Zn    p     „ 

3,  Electrolytic  Determination  of  Zinc. 

Zinc  may  be  detcrmined  eleetroh  tirally  frorn  a  solutkm  of  the 
complex  alkali  cyanides,  as  well  as  front  a  Bolutiofl  of  the  am- 
monium  double  oxalate,     It  is  difficult,  however,  to  obtaúi  good 

išits,  sn  that  the  author  hesitates  to  reenimneml  the  methocL 
For  furthrr  details  runsulí  "Tlumic  und  Praxis  der  anály  tisehen 
Elei-trolyse  der  Metalle,"  by  B.  Neumann, 

SEPARATION  OF  HA1IGANESE,  NlCKEL,  COBALT,  ACTD  ZlHC  FROM 
THE  ALKALINE  EARTHS. 

The  separation  depends  upon  the  insolulnlity  of  the  sulphides 
of  the  metala  of  thia  group  and  the  solubility  tif  the  sulphidis  of 
tbe  alkaline  eartha. 

Procedur*. — The    neutral   solutkm  of   t ln  -ontained 

in  an  Erlenmeyer  fla  treated  with  ammonium  ohloridc  (iu 

čase  it  fa  not    already   present)  and   freehiy-prepajed    eoforicoH 

tnonium  sulphide  solution   h   added   drop   by   drop  until   no 

further    precipitation   takés  pláce   and   the   liquid   has  a  distínet 

onium  sulphide.    The  flask  is  then  almost  completely 
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1 1 1 1  c  -<  1  with  boiled  water,  corked,  and  allmwd  to  stand  twclve  hours. 
The  prectpttate  ia  theu  filtered  ami  waahed  as  described  to  the 
!  >  itTimnaticii  <>f  Zinc  (p.  118). 

íf  only  a  SUiafl  amoimt  of  alkaline-earth  metals  are  present  and 
the  ammonium  sulphidc  solution  is  cntirely  free  froni  ammonium 
carbooAte,  the  separation  is  usnally  oompkte  after  one  preeipitft- 
tíon;  in  the  presence  of  consíderable  ealeium,  strontium,  barium, 
ur  magnesium  the  sulphkle  precipitate  will  always  be  more  oř  less 
oontaroinated  with  these  substances,  so  ihat  the  precipitation 
i  míst  1xj  repeated.  For  this  purpose  the  washcd  prcripitan 
drinl.  transferred  as  oompletelv  as  ] ». issit >l<*  to  a  porce!  ain  crutíble, 
the  filter-paper  bnrned  In  a  platinum  spira!  and  the  ash  added  to  the 
inain  j)art  of  the  precipitate  in  the  erucible,  which  ia  now  eovercd 
with  a  walch-.idass,  treated  with  dihlte  hydrochloric.  acidp  and 
heated  to  boiling  after  the  evolution  of  bydrogeii  sulphide  has 
ceased,  in  order  to  remove  all  of  the  hydrogen  sulphide,  A  veiy 
littíe  cnncentrated  nitric  acid  is  now  added  and  the  mixture  wanned 
UQtil  the  precipitate  is  conipletcly  dissolved;  the  soluiinu  ia  evapo- 
rated  to  diyness,  treated  with  a  liti le  eonoentntod  hydrochloric 
acid.  and  again  gvaporated  b>  dryness  in  order  to  change  to  chloride 
any  nitráte  that  may  háve  been  formed.  The  dry  mass  is  rnoistened 
with  a  íew  drops  of  concentrated  hydrochloric  acid.  dissolvcd  in  hot 
water,  and  the  slíght  residue  of  sulphur  filtered  ofi\  which,  in  čase 
barium  ia  preeent,  always  contaiiis  a  small  amount  of  barium 
BUlphate,  and  ib  therefore  washed  with  hot  water,  dried*  ignited 
in  a  poreelain  erucible,  and  weighed.  The  filtráte  ia  then  pra-ipi- 
tated  exactly  as  before  by  the  addition  of  ammonitim  sulphide. 

In  čase  nickel  ia  present,  a  too  great  excess  of  amrnoninm 
sulphide  must  be  carefully  avoided,  as  otherwise  fcfaa  nickel  Bulphide 
will  pass  throngh  the  filter  (cf.  VoL  1,  p.  129).  In  all  cases,  how- 
evef  the  filtráte  should  be  tested  for  nickel  by  aeidifying  with 
aoetie  acid,  beating  to  bo£lingrand  paamng  hy drogen aulphide  into 
the  solutittn.  If  a  slight  blaek  precipitate  is  produeed  by  this 
treatmentj  it  is  filtered  ofT  and  eombined  with  the  niain  preeipi- 
(cf.  p.  125).  The  filtráte  containing  the  alkaliiic -earth 
metals  is  freed  from  aminu  ni  um  salts  by  evaporating  to  diym 
dissnlved  in  hydrochloric  acid,  and  examined  as  deseribed  on  p. 
7n  ♦■(  aeq, 
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Jtemark.— The  amrnnunuu  sulphide  solution  ušed  in  tli-  aU.w 
separation  must  be  free  frnm  amxnonitUB  rarbonate.  Ash  Imwever, 
all  íTiinriiorckl  ammonia  rontains  this  salt,  it  must  be  freed  frum 
carbonate  beforo   being  ušed   for  the  preparation   of  animniiium 

phide  solution.  For  this  purpoie,  sbout  10  pna.  of  frcshly 
slaked  linie  are  added  tu  500  C,C.  of  coneentratcd  ammonia  cdií- 
tained  in  a  liter  fla.sk  that  ia  oonnected  with  a  eondenser.  The 
0on<ieQser  b  closctl  by  meanfl  of  a  tube  containing  soda-linie,  and 
t  1 1  *  -  contents  of  the  ftask  are  allowed  to  stand  for  a  day  with 
quent  shaking.  After  this,  from  300-460  c.e.  of  water  are  pta 
in  a  fla.sk  and  boiledj  meanwhile  passing  througfa  the  water  a  current 
of  air  that  has  been  freed  front  all  traces  «>f  carbon  dioxidc  by 
:-.:  —  í:il:  t&rough  concentr&ted  CMUBttc  potiaah  solution  and  then 

■utih  a  tower  filled  with  soda-lime.  The  water  is  allowed  to  oool 
in  this  air-stream.  The  Hask  containing  the  ammonia  is  then 
plaeed  on  the  water-bath  in  such  a  position  that  the  conden- 
tubé  is  inelined  afightly  upwards,  and  this  is  connected  with  the 
detivery-tube,  ihrough  whieh  the  air  previously  passed  into  the 
flask  of  boihng  water.  By  warming  the  water-bath  the  ammonia 
is  now  distilled  over  into  the  ftask  containing  the  boiJed  water, 
by  whieh  it  is  completely  absorhed.  By  saturating  a  part  of  this 
ammonia  with  hydrogen  sulphide,  a  sohition  of  ammoimim  sni- 
phide  is  prepared  suitable  for  the  above-deseribed  separation. 

SEPARATION  OF  THE  BlVALENT  FROM  THE  TRXVALENT  METALS 
OF  THE  AMMOTÍIUM    SULPHIDE   GROUP, 

This  separation  is  nften  designated  as  that  of  the  protoxúks 
froiíi  the  sťsquioxidis;  this  design  at  ion  is  not  applicable  in  the 
čase  of  titanium  and  urany]  derivativt 


i.  The  Barium  Carbonate  Method* 

Tliis  tnethod  depends  upon  the  fact  that  ferric,  aluminium,  and 
rhromic  salts  (as  weU  as  titanic  and  uranyl  salts)  are  precipit&ted 
1H  the  oold  by  barium  carbonate,  while  manganese,  nickel,  cobalt, 
zinct  and  ferrous  salts  are  not*  The  trivalent  nietals  are  strongjy 
decomposed  hydrolytically: 

...    ttt  *  .i  *  .  ti 

Fea,+ HOHí±(HCI)  +  Fe(OH)Cl* 
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Free  acid  and  a  bftsic  salt  are  formed  by  this  hydrolysis,  the  com- 

pofiitíoQ  of  the  latter  depending  upon  the  mass-aeiiun  oí  the  water 

and  the  tempcrature.     If  the  free  acid  is  removed  by  the  addition 

Of  barium  earbonate,  the  cquilíbrium  isdisturbed  and  the  hydrolv-is 

mrther  nutil  finally  the  insoluble  hydroxide  is  formed: 

i:".  h  íih<'í, -  2HGH-2HCÍ+Fe(OH)i, 

The  barium  caibonaWj  then,  serveš  only  to  neutraltze  the  acid 
set  Eree  by   the  hydrolysis,  and   the  total  reaction   is  expressed 

by  the  foUowing  eqnation: 

aféCt+fléÓB  f  3BaO  »,    ;íÍl,(13+2Fe(OH)3+-^íC,()3 


:tlL<>  >  :;m/ 

The  salts  of  the  bi valen t  metals  are  not  subject  to  this  hy* 
drolysis  m  the  oold,  rnnscquently  they  are  not  prccipitated  by 
the  addition  of  barium  earbonate.  Ota  warming.  however,  they 
are  hydrolyzed  to  an  appreciablc  extent  and are  then  precipitated 
by  barium  earbonate. 

Proceduře — Sodium  earbonate  solution  is  added  drop  by  drop 
to  the  slightly  acid  solution  of  the  chlorides  or  nitrates,  but  not 
the  sulphates,*  of  the  metals,  in  an  Erlcnmeyer  flask  until  a  slight, 
permanent  turbidity  is  produced.  which  is  then  rcdissolved  by 
the  addition  of  a  few  drops  of  dilute  hydrochloric  acid,  The 
solution   is  diluted    and   treand    with    pure    barium   earbonate t 

-pended  in  water)  until  after  thoroughly  Bhfjrjng  an  excess  of  the 
latter  remains  on  the  bot  tom  of  the  flask.  The  flask  is  closed 
and  allowed  to  stand  for  several  hours  with  fn«  juent  shaking.     The 

:r  liquid   is   ihen   deeanted   off,    the  residue  treated   with  cold 

ná  again   deeanted,     This  decantation   is  repeated   three 

thues,  after  which  the  precipitate  is  transferred  to  the  filter  and 

cum pli -těly  waafaed  with  txňá  water.    The  precipitate  ocmtaizui  all 

of  the  iron,  aluminium,  ehroinium,  tit&nimn,  and  uranium  in  the 
presence  of  the  excess  of  barium  earbonate.  The  filtráte  contains 
the  bivaient  metals  and  barium  chloride. 

The  precipitate  is  dissdved  in  dilute  hydrochloric  acid.  boOed 

♦Barium  earbonate  wi  11  precipitate  the  bivale&t  rnetab  \vh«?n  sulphates 
arepresetit,  e.g.t 

-■»,     KaCO,«Zi  50^ 

fThe  barium  Wfifflnatfl  rnitat  be  free  fmra  alkali  earbonate. 
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to  remove  the  carbon  dioxidc,  and  the  iron.  aluminium,  fjtuoaňam 
(titanium  and  uranium)  are  sepanited  ÉHHSI  thr  bariurn  *  by  double 
precipitation  with  ainmomum  Biilpfaada  bjb  descrilied  od  p.  119. 
Tbe  iron,  alumínium,  ehromium  (titanium  and  uranium)  are  sepa- 
rated  from  one  another  as  described  on  pp.  99  and  100. 

The  filtráte  from  the  barium  carbonate  precipitation  is  freed 
fivnii  t>arium  by  the  addition  of  suiphuric  acidf  to  tbe  bofling 
solution  after  it  has  bee&  inade  acid  with  hydrochlorie  acid.  The 
barium  sulphíiie  iá  filtered  dli  and  the  inonoxides  are  separated 
from  one  another  as  deseribed  on  p.  125. 

Rcmark. — The  above  separation  of  the  sesquioxides  from  the 
protoxides  is  not  absolutely  certain  in  the  pTODCHOB  of  nirkel  and 
mbalt.  In  this  čase,  particularly  when  considerable  iron  is  pres- 
ent,  the  precipitate  produ  ced  by  barium  carbonate  cmtams  sinali 
amountB  of  nickel  and  cobalt,  This  tliíííťiílty  can  be  ovrrcdinc, 
howevor,  by  adding  ammoiiium  chloride  to  tli-  -<  Inumi  {3-5gms. 
each  100  c.c.  of  solution)  before  pr* cipitating  with  barium 
carbonate;  the  separation  is  then  satisfaeť 


SEPAEATION    OF    tfcON,   AiUMTJfXrrM,  AND    TlTANIUM    (BUT    NOT 

chromlttm  and   uranium)   from   manganese,  nlckel, 
Cobalt,  and  Zinc. 

2.  Basic  Acetate  Method. 

The  slightly  acid  solution  of  the  chlorides,  contained  in  a  large 
beáker,  ifl  ireated  with  sodium  carbonate  solution  in  the  cold  until 
:i  vliulit  permanent  opalescence  is  obiřiincíl,  Mhieh  is  then  nn\\*- 
snlvrd  by  the  addition  of  a  few  drops  <>f  dilute  hydrochloric  acid. 
AliMut  6  gfiBft  of  sodium  J  orammonium  acetate  are  a  .Kl.  i.  theftohl- 
tion  diluted  to  600-700  c.c.  for  eaeh  0.3-0.5  gm.  Fef  after  whioh 
it  Ls  boikd  for  one   minuté,  the  fláme  removed  (tiie  precipitate 

♦Most  authonitfM  recommcmi  precipitating  the  barium  firet  with  sui- 
phuric acid  and  then  scparatin£  tbe  irrm,  aluminium,  ctc.  The  precipitate 
of  barium  sulphate  always  eoutains  small  arnouiits  of  the  heavy  metalo, 
ao  that  the  atithor  prcfers  the  abovc  proceduře. 

t  Oř,  better,  by  double  precipitation  with  animnniuin  Milphidi'. 

}  Sodium  acetate  often  COtitainfl  irbonatt  ft&d  Eli  eolutiou  then 

reacts  alkaline.  In  this  oase  it  eliould  bt  dfanolred  m  water  and  made 
digíitly  acid  with  aoetic  acid  before  adding  it  to  tbe  solution. 
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beeomes  sliniy  on  long  boiling).  the  preeipitate  ídlowed  to  settle 
and  filtered  bot,  being  waahed  three  timefl  by  decaatation  with 
boiling  wateff  eontami&g  amraonhini  oř  sodium  aoetate.  The  | 
cipitate  is  then  dissolved  io  as  little  hydroehlorie  acid  as  possible 
and  the  above  pnxvss  repe&ted*  The  second  precipitate  after 
being  filtered  and  waahed  is  dissohned  in  hydrodďoric  acid  and 
the  iron  and  aluminium  separated  as  dcecribed  on  p+  U4.  The 
combined  filtrah  í  containing  the  mopooddeB  aie  aeidified  wifli 
10-20  c.c.  of  eoneentrated  hydroehlorie*  acid,  evaporated  áh&GBt 
bo  dxya&Q,  dissolved  in  a  little  water,  the  mangan  ese,  nickil,  cubalt, 
and  zinc  precipitatrd  by  amnumium  sulphide  a>  <h  -rribed  on 
p.  119,  and  analvzed  aeeording  to  p.  126* 

Rtmark.—  This   proceduře   requires   practice.     It   is   especially 
BUÍted  far  the  s^paration  of  iron  and  titanium  from  t.hr  pn>to\i 
the  scparaiinu  jfl  u -naliv  less  satisfartniy  with  aluminium,  so  that 
in  ease  considerable  amuutits  of  the  latter  are  present,  the  barium 
carbonate  reparát  inu  is  to  bc  pn  íerred. 

Separatioit  of   Iron  and  Aluminium  from   Manganese, 

NlCKEL,   COBALT,   AND    ZlNC. 

3.  Sodium  Succinate  Method. 

This  method,  applicable  for  the  separation  of  large  quantities 
of  iron  from  small  ipiantities  uf  maoganeee,  oiekel,  etc.ř  is  based 
lipou  the  fari  that  feiTÍC  iron  is  quantitativcly  prccipitated  from 
neutra!  Bohitionfl  as  light-brown  ferric  succinate  by  the  additiOQ  of 
neutral  otkali  surciuatr  BOhltaon,  while  manganese,  niokcl,  < ■; 
reinaiii  in  BOhltioiL 

Procedur r. — In  ease  the  sol  ut  ion  contains  free  acid  and  all  the 
iron  is  in  the  ferric  fnrm,  it  is  neutralized  with  ammonia  until  a 
reddish-browii  edoration  is  fornied,  when  sodium  or  ammonium 
acetate  is  added  until  the  coW  becoim  1  i  deep  browa.and  then  the 
solutkm  of  alkali  Buccinate,  after  whieh  the  inixture  is  warmed 

Ůyf  afloived  to  cool,  filtered,  and  waahed  al  hrst  with  oold  water, 
ihen  with  Warm  Watei  euntaining  ammonia,  until  20  drops  of  the 


*  In    order   to    prevent    precipitution    of   diíEcultly    soluble   oauiganese 
dioxide. 
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filtráte  leave  no  residue  wheii  evaporatrd  to  dryness  on  platiiiuin, 
liy  nieans  of  the  washuig  with  ftinwioilfoj  tím  ferric  succinate  is 
changed  to  ferric  hydroxide  vvliich  ís  dríed  and  weighed  as  ferric 
<  rfter  ignition  in  a  poTcelain  crueible.  If  aluminium  is  propcut, 
tbe  igoited  reudue  is  furthi-r  raalysed  S8  deacribed  on  p.  94,  The 
hivalriu  metftls  in  the  filtráte  are  best  precipitated  by  thi  addition 
imnumium  sulphide  and  analyzed  as  follou.-: 


separatioff  of  the  blvalent  metals  of  the  ammonium 
Sulphide  Groitp  from  One  Anqther. 

Separation  of  Zinc  from  Nickel,  Cobalt,  and  Manganese. 

AU  methods  for  this  separation  rest  upon  the  slight  soluhility 
of  zine  sulphide  and  the  ready  solubility  of  the  reinaining  sulphides 
in  their  State  of  formátům*  At  this  point  it  niay  be  velí  to  say 
a  fev  words  with  regftfti  to  the  most  recent  explanation  of  the 
ptOCtím  that  takés  pláce  in  the  soJution  of  electrolytes. 

Solubility  Product. 

Inasmuch  as  no  substance  is  ahsafutety  insoluble  in  vater,  it 
follows  that  in  every  čase  wliftr  a  precipitnte  is  produced  the  solu- 
tiOD  ■  BátUTKted  svitli  the  substance  and  (MeardlZlg  to  Ostwald)  in 
thr  čase  of  difftcultly  soluble  Hubstanrcs  the  dissolved  portion  is 
n  -n -t  ically  completely  diasociated  elertmlytieally.  The  binary  sub- 
ince  At  oonaiiting  of  the  clenients  B  and  C,  i&  deconiposed  in 
aqueous  sol ut ion  aceoreling  to  this  schenie*. 

A^B+c. 

If  the  eoncentrations  of  the  ions  B  and  C  are  designated  by  b  and 
c,  and  that  of  the  undiseooiated   portkm  by  at  then  according  to 
the  mass-action  I&w  the  folloving  relation    holds  for  any  given 
n-rature: 

^c 
a 


—  constant 


*  Nickel  and  cobalt  Bulphidei  uhru  onrr  formed  are  insoluble  iu  <liluto 
■u -i.U.  TbeM  nibstanoei  probably  <  \ist  Kn  two  allotropir  modifications, 
of  n  luble  and  the  otlier  insoluble.     The   soluble   forui   has 

never  be<?n  isulated. 
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Every  increase  of  b  or  c  caus*-,  fcbi  B .-fóre,  an  increase  of  <7,  and. 
as  the  soku  km  is  edready  aaturated  with  A,  this  will  produce 
piet 'ipitalinn  of  t ho  substance. 

Ti  lis  product  (í»*r)T  wbicb  if  exoeeded  cau86fl  b  superoatuzation 

of  the  stolní  ion,  and  conscquen tly  preciphation,  is  calletl  the  soíu- 
bílit y  prodhuL  If,  therefore,  in  any  solution  the  solubility  product 
is  ftfaready  reached,  thcn  the  solution  is  suíuraled  with  respect  to 
khe  substance  4,  and  if  the  solubility  product  is  not  reached  then 
the  liqnid  exerts  a  solvent  action  lipou  the  solid  substance. 

Explanation  of  the  Solution  of  Sulphides  in  Acids. 

According  to  the  above  fheory,  the  solution  of  a  sulphide  (e.g., 
zinc  sulphide)  in  acid  is  conceived  to  také  pláce  as  folio ws: 

Os  freating  the  solid  sulphide  with  water,  a  part  of  the 
salt  is  dissolved  nutil  the  solubility  product  is  reached.  This 
a)  most  inappreciable  aniount  is  practieally  completely  dissociated 
into  ions.  On  adding  acid  to  the  solution,  the  positive  hydrogen 
ions  unitě  with  the  negative  sídphur  ions  to  form  neutral  hydrogen 
sulphide.  whirh  being  a  very  weak  aeid  is  unlv  dissociated  to  r, 
slight  extentT  so  that  sulphur  ions  d  sappear  from  the  snhitiev 
and  the  solubility  product  of  zinc  sulphide  is  no  longer  reached: 

'I  ZnS+2HCÍ  =  HřS  +  ZnCÍr 
The  liquid,  theref orc,  dissulves  more  of  the  solid  zinc  sulphide  and 
the  abovc  reaction  again  takés  pláce  and  this  process  is  repeated 
until  all  of  the  zinc  sulphide  is  brought  into  solution,  The  sólu- 
bility  of  a  sulphide  in  acid,  therefore,  is  proportional  to  its  solubility 
product  and  to  the  conceritration  of  the  hydrogen  ions.  If  we, 
tlu  o,  dosine  to  predpitate  zinc  by  means  of  hydrogen  sulphide 
from  a  neutral  solution  of  an  inorganic  compound,  the  following 
consideration  shows  us  how  this  may  be  accornplished:  If  hydro- 
gen sulphide  ía  oonducted  into  a  solution  containing  zinc  com- 
bined  with  a  minerál  acid,  the  zinc  is  indeed  precipitated,  but  as 
the  amount  of  zinc  sulphide  fonned  inereases,  there  is  an  increase 
in  the  con  cen  tra  t  ion  of  the  hydrogen  ions: 

SH* 

II.  Žnťh-i  ?Í1SH  =  Zi<  H-2HC1. 

NgH 

*  The  ZuCSH),  is  at  once  decoinposed  into  2n3  and  H^S. 
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The  precipilatinn  b,  thcrefnrc.  inenmplete.  It  enu  be  inade 
complete,  howOTer,  if  we  wu  ftvoid  this  inerease  ia  the  oonoentsB- 
tion  of  the  hydroges  íudos.  This  ran  také  pUoe  by  ivpl:iein>í  tlie 
minerál  acid  formel  by  a  weakcr  acid,  i. o.  one  which  is  only  slightly 
dissociated,  so  that  the  sululinn  will  cuntain  fewer  hydrogen  ions. 

Tin-  foUoWing  niclhods  depcnd  upnu  tliis  prineiple. 

Method  of  Smith  and  Brunner.* 

Proceduře. — The  hydrochloric  acid  Bolutíoil  of  the  fotir  mctals 
is  treated  wilh  sodiujn  carboriatc  uritil  a  permanent  precipit&1 
formed,  which  is  redissolvcd  by  the  additioD  of  a  few  drops  of  vmy 
dilute  hydrochloric  acid,  tuto  this  almnst  neutral  solution  hydro- 
gen  sulphidc  is  passed  for  five  toinutes,  tln  n  a  few  drops  of  a  ví  ry 
dilute  solution  of  sodium  Oř  amnionium  acctate  are  added  and  the 
solution  is  saturated  wifh  hydrogen  sulphide,  allowed  to  stand 
oyemÍ£ht,filtcrcd,and  Wttflfaed  WÍth  hydrogl  D  sulphidc  watcr  which 
contains  in  everv  100  0*6.  2  ffúB,  of  arninoniurn  salt  (either  the  chlo- 
ride, sulphate,  oř  sulphocyanate).  The  zinc  is  then  determined 
either  as  oxide  oř  sulphide  aooording  *  *  *  the  methodfl  descríbed 
on  pp.  1 18  and  118. 

Remark. — Inasmuch  as  the  exact  amoimt  of  acid  to  Iv  set  free 
is  uaknown,  it  is  hnpnssible  to  telí  cxactly  boir  nruch  alkalj 
is  necessary,  and  hcreiii  lies  the  chicf  difficulty.  If  tou  much  alkali 
acetate  is  added,  sonie  niekel  oř  cobalt  sulphide  may  l>c  preeipitated 
(sliowu  hy  the  gray  eofar  i  í  the  dne  prccipitatc).  If  Botenough 
alkali  acetaie  is  added,  thé  zinc  will  not  be  eoinpletely  preeipitated. 
The  following  separation  is  more  certain. 

Method  of  Cl.  Zimmerman..t 

rtdnre. — The  weaklv  acid  solution  Lfl  treated  whh  sodium 
carhuiuite  solution  imlil  a  permanent  preeipitate  is  formed.  \vl 

?olved  by  the  additioD  of  a  few  drops  of  very  dilute  hy 
ťhlorie  acid,  then  for  everv  SO  e.C.  of  the  snlution  10f  or  at  the  D 
IV  dropa    of    double-nonna]    hydrochloric   acid, I  and  10  c.c.  of 

•  Cliem.  Ontndbl,,  ÍÍM,  26. 

t  Ann.  d.  Chrni.  IL  Phaim.,  1W  (1879),  p.  3;  204  (1880),  p,  236. 
X  The  addition  of  hydrochloric  acid  i-  it*  all  eases  neceaaary ,  because other- 
nickel  milphídu  will  b«  pretipitated  wilh  the  zinc  sulpliide,  e^pccially 
wlien  cousiderablť  oickel  and  Hltle  zinc  are  present. 
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•mmonium  sulphon  anatc  (1  :5)  solution  ane  added,  after  which  the 
aoluťmn  is  heated  to  afcwiut  70°  CL  and  is  saturated  with  hydrogen 
BÚlphide.  At  first  the  sokuion  beoomes  mtlv  slighlly  lurbid,  bnt 
rli.  r  mmm  timfl  pure  whife  zinc  sulphidi-  is  thrmvn  dmvn  in  déudij 
eonstantly  beooming  denser.  After  ťhc  Bolutioo  has  beccme  >at- 
urated  with  hydnigen  sulphide,  the  bcaker  is  cnvercd  and  allowed 
i->  stand  iu  a  moder&tely  winn  pláce  until  the  precipitate  has  set- 
tied  and  the  uppcr  Jiquid  is  elcar,  after  which  the  prvcipitate  L^ 
fUtered  and  washed.  as  deacribed  in  the  method  oř  Smith  and 
Brunner. 

From  the  filtráte  nirkcl,  cobalt,  and  manganese  are  preeipitaied 
by  DoeoDfl  ofammoniuzn  aulphide,  fdtered  and  separated  according 
tm  the  foUcroing  methods. 

Remark.—Vihsít  i>  tile  part  played  by  lho  ammonium  sul- 
phoeyanatc  in  this  detertnination ?  Certamlv  H  raimot  act  the 
samé  as  the  amn-ionium  acetftte  in  the  Smith-líninncr  method,  for 
sulphocyanic  acid  is  noť,  like  acetic  acid,  a  weak  a  řiti,  but  a  very 
Btrong  ane,  almoel  w  Btrong  as  hydrochloric  aeid  itself,  and  the 
dissociation  of  strorig  acids  is  only  slizli tly  influenced  by  the  addi- 
tmn  of  thřir  neutra!  salts. 

Amniivtiium  Bulphocyanate  probably  siraply  "salts  out"  the 
zinc  sulphide  (cL  VÓL  I,  p.  71). 

By  the  actiuít  of  hydrogen  sulphide  upon  the  zinc  salt,  zinc  sul- 
phide is  prodlioed  lx»th  in  thehydrogcl  and  hyd  rosol  fonns  and  the 
amnionium  sulphoryanatc  changes  the  latter  into  the  insoluble 
livdrogeL  If  thi>  explanatioD  fa  oorrectj  the  separation  of  zinc 
from  nickel,  etc,  will  suceced  erpially  wcll  if  the  animoniuni  sul- 
phocyanate  is  replaccd  by  ammoniuni  chloride  or  ammonium  sul- 
phate*    That  this  is  the  ease  is  shuwn  by  the  following  method, 

M  Salting-out  Method,' 

Experimente  worc  petformed  by  G.  H.  Kramrrs  in  order  to 
d.trrmine  whether  the  separation  of  zinc  from  nkkel  and  eohftlt 
could  be  aooompliahed  in  weakly  acid  Bolutionfl  by  hydrogen  sul- 
phide  niter  the  additíoD  <>f  any  ammoniun]  salt  of  a  Btrong  acid.* 
frhe  results  dbtained  showed  this  to  be  poasible. 

Proathin. — Thr  sohition  oontaining  thr  u ick*'!  and  zinc  either 
*  Or  any  olht*r  ealt,  cg,,  u  putaasiuin  salt. 
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in  the  fonn  of  sulphate  oř  chloride  (the  snio  of  thr  oodďefl  present 
amou litiny  tu  abuut  J  per  Cent,  of  the  weight  of  the  sulutiun)  13 
treated  with  8-10  drops  oí  double-nonnal  hydrorhlnrie  a*i<l  and 
i  >ui  2  per  !vi!í.  oí  ammoxuum  sulph&te  (refeirod  to  the  totd 
nniouni  oi  ]k|»iid)  and  the  sol  ut  ion  ie  satnraled  at  óo°  í\  with 
hydrogesiBulphide;  the  warm  suhnion  ifi  allowed  toetand  untilthe 
pnre  white  prccipitate  of  zinc  Bulphtde  has  set  t  led  out  and  ifi  thcn 
treated  exactly  as  dcscribed  under  the  Melhod  of  Zimmerman. 

RuultS.—Jja  the  following  experiments  a  zinc  sulphate  solution 
COIll aining  5.890  gnis,  zinc  to  the  liter  and  a  BOlutioD  uf  nickrl  m  I- 
phate  containing  5.320  gms.  nickei  to  the  liter  were  nsed. 
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Separation  of  Manganese  from  Nickei  and  Cobalt 

The  sólu t ion  of  the  chloridefl  or  sulphalos  ifl  trcated  with  an 

ss  of  Bodhim  earbonate,  Btroogiy  addífied  wfth  aoetío  acid, 

for  earh  irram  of  nickei  Oř  OObaH  přesnít  5gm&.of  ammnnium 

dded,  the  Bolution  ís  dihited  to  100  200  co.,  heated  to 

?0  so°  C,  saturated  with  bydrogea  Bulphide,  &ltered,and  washed 

with  bot  water.    The  [naDganeee  ifl  in  the  filtráte,  atol  ihe  nickei 

and  robalt  are  in  the  precipitate. 

li*  rnark. — The  filtráte  ofu-n  contaioe  BO&afl  aioounta  of  nickei 
and  eobalt.  In  order  to  mívAc  these  metala,  the  solution  should  be 
Concentrated  and  colorless  arnnmnimn  sulphide  adďeth    It  ifl  tlím 
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le  slightly   acid   with  acetie   aridT  warmed,  and    Jiltered.      Jíl 

a    precipitate    of    niek<  Wall    sulphidcs   is  forincd    by 

tliis  treatinent,  the  filtráte  is  agaio   teated  Id  the  04906  W*y  and  the 

procese  repeated  until  no  further  precipitatiun  is  ptoduoed. 

Separation  of  Cobalt  from  Nickel. 

(a)  Ftsfurs  Patoěrium  řfitriU  Mtthod.* 

The  ooacentrated  boIuÚoh  etmtaining  salts  of  hoth  titetalfl  ie 
treated  with  pure  pGtaaaiun)  hydroxide  to  alkaline  reactioiij  made 
sfightiy  aciil  with  acetie  acid,  and  to  (his  a  oonoentrated  Bolution 

of  pim  potassiuin  nitritef  that  I  made  sli^htly  acid  wiťh 

is  added.  After  vigoTOUfl  stirring,  the  mix  ture  Í6 
allowed  toata&d  tweiity-four  hours  in  a  warm  pláce.  Befbre  ťilter- 
ing,  a  little  of  the  clcar  aolution  ia  pipetted  off  and  treated  with 
more  potassium  uitrite  to  s<  e  if  the  precípilation  of  the  cobalt 
been  completa  If  a  precipitate  is  formedj  the  whole  soluiion 
ia  treated  with  múre  potassium  uitrite  and  agplll  allowed  to  stand 
until  complete  precipitatiox]  b  effected.  The  puedpítate  is  then 
fíltered  and  W&ahed  with  a  barely  acid  5  per  cent,  Bolutíon  of  potaš- 
BÍUZD  niintej  unlil  1  C.C.  of  the  filtráte  aftor  being  hoiled  with 
hydrochlorie  acid  mu !  treated  wifli  cauatio  potaah  and  bromine 
water  no  longcr  gives  a  hlack  precipitate  of  nickelic  hydroxide. 
The  eohah  precipitate  is  then  tranaferred  by  nicans  of  a  spatula 
to  a  poroelaio  diah,  ooveted,  and  hydroohloric  :oitl  is  gradually 
added  until  there  íe  no  further  evolution  of  nitrie  oxide  j  after  which 
the  cobalt  is  piecipitated  by  inrans  of  caiistic  potaah  and  bromii 
water  and  determíiud  as  deacribed  OB  p.  115. 

*  Pope  Aruiíil,,  72,  477;  see  alaa  fteeeoius,  Quanttt&tive  Anajyeia. 

t  (oinimn  tál  9ti  peroeni  poteaKOia  uitrite  ořteo  oontaiae  small  ejnocutta 
of  potaanum  nficate,  and  on  aeídifvinp  with  acetie  acid  flocks  of  silicit.'  acid 
are  precipitated,  which  nm>i  l»e  fíltered  ofT  brfore  uging, 

|  It  is  nsuillv  stnT.-rl  (hal  the  [  »rn  ij  ji  l ji  Ir  fthould  U-  ivmahed  with  a  10  per 

potMMUin  acetate  whitiao  to  whioh  ■  little  pntaepSnm  t  i  i  t  rii  r-  bafl  beeo 
added«     Poiassuir  ise  it  can  mis  romoved 

by  wiflhing  with  fckohol,  vrbici]  booording  lo  Um  BMthod  ol 

Brauin  r,  Z<  ti.  t,  aiinl    Cbem,,  Hl,    LOS   (potaflKUBI   iCfliatfl  >>   nvidilv  nfliubfa 

In  alrohoh  bul  potassium  nitiitfl  only  difficultly  ^O-    lf\  however,  Ihfl  abova- 

described  proceduře  is  uoed  it  m  uot  neceasary  to  retnove  the  exeess  of  the 
pota^iuin  nit, 
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The  filtráte  containing  the  nickel  ta  treated  with  hydrochlorio 

<u\  until  the  nitrití'  is  conmletely  deconipoeed,  and  the  iiit-k*l  is 

o  precipitated  as  bl&ck  nickelic  hydroxide  by  oaustio  potaéb 

ainl  bromme  water,  filtered,  wasln d,  and  changed  to  the  metal  as 

Lbed  on  p.  11 1. 

Rcmark. — This    method    pvca   rcliablr    tesuhfl    provided    the 

eohition  i?  free  frona  aTfratvne  eartha,    In  tibě  latter  oam  the  niekel 

ud  alkalíne-earth  metals  are  precipitated  with  the  cubalt.     (Cf. 

V.l  I,  p.  131.) 


(b)  hidritfě  PotafSMMn  Cgmidis  Method* 

This  method  is  based  lipou  the  different  behavior  of  íhe  com- 
plex  cyanogen   conipnunds  of  hoth    nietals   towardl  bnenine  oř 

TÍne  in  alkaline  BohltíOD.     (Cf.  Vol.  Ip  pp,  1 30  and  ! 

Proceduře. — The  neutral  sohition,  whieh  may  eontain  only 
nickel,  cobalt,  and  the  alkalies,  is  treated  with  an  excess  of  purest 
98  per  rent.  potassium  cvanide  and  5  pXB.  of  pure  potassium  hy- 
:dter  whieh  bromine  water  is  added,  with  constant  stirring, 
until  no  more  nickelic  hydroxide  is  precipitated.  Care  must  be 
taken  that  the  sohition  remains  st ronily  alkaline  until  íhe  end 
uf  the  procees;  upon  this  point  depe&dfl  the  success  of  this  excellent 

thod.  Whcn  the  precipitatíon  is  complete,  the  solution  is 
diluted  with  cold  water  and  the  niekel  determined  as  metal,  as 
deeeribed  on  p.  112. 

The  cobalt  remains  in  the  filtráte  as  potassium  cobalt  ieyanide, 
After  the  addition  of  dilute  siilphurie  ftdd9  the  sohition  is  evapo- 
rated  as  far  as  possible  on  the  water-bath,  a  lit  tle  concentrated 
sulphurie  acid  is  added,  and  the  residue  is  heated  over  a  free  fláme 
until  dense,  whhe  fumee  are  evoHved  and  the  effervescence  has 

•JK,i  -ir\),+  l2H3Š()4H-12H20= 

2CoS<  >4+3KfS<  >4  +  nn  >-j-COa-f  6(NH4),S04+S(V 

After  eooling,  the  residue  is  diaaolved  in  water,  the  cobalt  pre- 
eipstatod  by  the  addition  of  bromine  water  and  potassium  hydrox- 
iltered,  dried,  and  determined  as  metal  accordmg  to  p.  115. 

*  Aim.  d.  ťhem.  u.  Phann.,  03,  244;  87.  123. 
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(c)  IAébufě  Mt  rranv  Oxitlť  Nrthod, 

In  ťhis  methíxl  advantage  is  taktu  ní  the  fact  that  potassium 
nickelocyanide,  like  ahnost  all  other  oomples  cyanogencontpounds, 
ia  deoompoaed  by  mercuric  oxide,  wbereafi  potassium  cobaltieyanide, 
on  the  contrary,  is  uiudíei/led: 

KjNKCN),  +  2Hg< )  +  21 U  > -  Ni(OH)2  +  2KOH  +  2IIg(CN)2. 

Procaiun. — A  sli^lit  exeess  of  pum  potassium  cyanide  is  added 
to  the  neutra]  Bolution,  whkh  is  tlu-n  heated  on  the  water-bath 
forat  least  nne  hmír  in  cirder  to  changs*the  potassium  cobalt  ocvanide 
to  potassiuui  cobultieyanide  (cí,  \  oL  I,  p.  135),  Tlie  Boltltío33  is  thrn 
fcreated  with  a  suspeosioii  of  mercuric  oxide  in  water  and  heated 
for  a  long  tiine,  with  frequent  stirring,  upon  the  water-bath.  The 
deeonipnsitiun  is  cum  plete  aíter  Qne  nr  two  huurs,  The  sotutioa 
is  diluted  soiuewhat  with  hot  water,  and  the  prerípitate,  QQXwmťůSgQÍ 
nickelous  hydroxide  and  the  excess  of  mercuric  oxide,  is  filUnd 
off,  dried,  ignited  under  a  hood  with  a  good  draft,  and  the  residue 
of  nickel  oxide  is  ehanged  to  itn-t :il ,  areurding  tu  p.  112.  and 
weighed  as  such.  The  filtráte  containing  potassium  cobalt  ieya- 
Ilide  and  mercuric  cyanide  is  treated  with  sulphuric  acid  exactly 
as  deecríbed  under  (h)  and  the  cobalt  determined  as  metal. 

Tlie  author  has  also  tested  and  found  satisfactoiy  the  method  of 
Ilinsky  and  Koorre*;  but  it  seems  to  háve  no  advantages  over 
the  above-desrnbr<l  proceduře*, 

Recently  Rosenheim  and  Huldschinskyf  háve  applied  VogePs 
qualitative  test  for  cobalt  (cf.  Vol.  I,  p.  137)  to  the  quantitative 
separation  of  this  metal  froin  nickel,  and  háve  obtained  excellent 
results. 


♦  Berichte,  18,  669. 


tlbid.,  34,  206a 
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METALS   OF   GROUP   EL 

MERCURY,  LEAD,  B1SMITH,  COPPER,  CADMItTM,  ARSENIC, 
ANTIMONY,  TIN  (PLATÍM  M,  i;i>U>,  SKI.KMCM,  TELLUR1UM, 
MOLYBDENŮM,  GERMANIUM,  TUNGSTEN,  AND  VANADIUM). 


A-    SULPHO-BASES. 
MERCURY,  LEAD,  BISMUTH,  COPPER,  CADMIUM. 

Merctoy,  Hg.    At.  Wt.  200.3. 

♦Forms:  HgSř  HgXL,  and  Hg. 

Detennination  as  Sulphide. 

(a)  By  Prrrijíitntton  vrith  líyárogen  Sulphide 

The  solution  containmg  DO  oxidizing  substanees  (FeCla,  Q, 
much  HNOg,  etc.)  aiul  the  mereury  on  H  rely  au  mercuric  salt  is 
saturatod  with  hydrogiBú  sulphide  w  ihe  cukl,  the  precipitate 
allowed  to  Bettle,  filtercd  through  a  Gooeh  mieihle,  washed  with 
r«>w  water,  dried  at  105°-I10°  C.  and  weighed. 

>nrk\ — This  met  hod  aťTords  excollent  results  and  should  Ihj 
ušed  whciicver  possiblc,     Unfortunately,  lin\vrv<i\  it  ie  oo1  alv. 
applicable,  for  in  most  eases  the  solution  to  be  anály  zed  contams 

Dog  nit rii'  aekl  (nhtained  by  the  solution  of  imptire  mercuric 
sulphide  in  aqua  regiftj  by  the  deconi]K»sition  of  orgamc  roercmy 
compounds  liy  <  he  method  of  Carius,  orby  the  oxidation  of  nu  mirous 
salts).  It  is  not  jiossiblr  to  ezpel  the  cxoooc  of  nitric  acid  by 
evaporating  tho  solutioD  with  hytlrochloric  acid,  because  considrr- 

e  amounts  of  meiturk  chloride  are  therohy  voIatiliEed  with 
lbe  escaping  steam.  Thus  50  c.c.  of  a  mereurie  chloride  BofatioD 
containing  0.5235  gm.  of  the  .salt,  treated  with  10  CO,  of  nitrid 
aekiandevaporat&d  on  the  water-batfa  five  timee  atmoattodiyn 
with  the  addition  each  Ume  of  50  c.c.  concenirated  hydrochlorío 
a<id,  yiclded  in  eeparate  experimente  0.3972  gm.  mercuric  sulphide 
••88.56  per  cent.  and  0.3695  gm.  mereurie  sulphide*-  82.39  jn?r 
ceut.,ortin  other  words,a  loes  of  ll-17peroent,  In  such  a  čase  the 
following  proceduře  suggested  by  Volhard  should  be  ušed: 
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mrv    as    sulpho-salt,     Hg^ 


(b)  By  PrecipUation  with  ÁTnmomtun  Sttlpkide* 

The  acid  solution  of  the  mercuric  salt  is  almost  neutralized 
with  puro  eodium  car boaate  and  u  treated  with  a  sliglue\r<ss  nf 
frcshly-prepared  aminoiuum  sulphide.  Fme  pódium  hydroxide 
solution  (free  from  Ag,  AU  >s.  and  SiOj  ifl  then  added,  nieanwhile 
rotatisg  the  solution  until  the  dark  liquid  begins  to  %hten,  whcn 
it  is  heated  to  boiling  and  more  Bodiutn  hydroxide  is  added  nutil 
the  liquid  is  perfectly  clear.     The  solution  now  contains  the  mer- 

1     '  V'-      Ammonium    nitráte    is    then 

•dded  and  the  solution  boilcd  until  the  ammonia  is  almost  entirely 
expeUed,  and  the  precipitate  is  allowed  to  settle,  whieh  it  will 
do  ttiuch  more  quickly  than  if  it  were  produced  by  hydrogen 
sulphide  directly.  By  means  of  the  boiling  with  ammonium 
nitráte,  the  sulpho-salt  is  decomposed  according  to  this  eqnation: 

HgfSNa),  +  2NH.NO,  =  2NaN(\+ (NH^H-  HgS. 

i 

The  elear  liquid  is  poiired  through  a  Gooeh  crucible,  and  the 
precipitate  wasdied  by  deeantation  with  hol  water  until  the 
wash  water  no  longer  reactš  with  silver  nitráte  solution.  The 
ptteeipitate  is  iheii  transfern-d  to  the  crucible,  dried  at  110oC.,and 
wiighc-d.  In  čase  the  precipitate  contains  free  flnlphur,  it  should 
bc  bniled  with  |  lit  tle  Bodlům  sulphite  before  filtering.* 

II.  BaUBchenbath  teeted  this  method,  analyzing  pure  mercuric 
chloride  with  the  addítion  of  nitric  acid,  and  obtained  as  a  mean  of 
t  wm  experimente  73.80  per  cent.  B  1  of  the  theoretical  value, 

73.85  per  rent. 

ill  better  way  of  removing  free  sulphur  from  the  precipitate 
consists  of  extracting  with  earbon  bi.sulphide.  In  this  čase  the 
mercuric  Bulphide,  together  with  the  sulphur,  is  filtered  through 
B  Qooch  crucible.  completely  washed  with  water  and  thrn  three 
tinus  with  alcohol,  The  crucible  is  now  plaeed  upon  a  glass 
tripod  in  a  beaker  eonteiniog  Bome  earbon  bisulphide  (Ftg,  31)  ;f 

*  By  boiling  with  Bodhun  sulphite,  the  sulphur  is  ehanged  to  Bodfam 
thkwulphal  fšflp 

tC  Vortmana,  Uébui^bcáipUe  aus  der  quantUatíven  eiieinischea 
Analyse,  p,  28*  Vienna*  iií99. 
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the  beaker  is  supported  over  a  vesscl  fillcd  with  hot  water  and 

with  a  round-bottoxned  Hade  con- 
taining  oold  water  which  seirefl  ii  B  cmídenser. 
Aíter  about  an  hour  the  sulphur  will  be  cum- 
pletely  extructed.  The  carbon  bisulplude  is 
removed  front  the  přeci pitate  by  washing 
once  with  alcohol  and  once  with  ether.  The 
ether  is  driven  ofT  by  gently  warming,  and 
tht*  preeipitate  thcn  dried  at  110°  C,  and 
weighed. 

H.   Rauschenbach  analyzed  pure  mer  curie 
chloride    by    this    met  hod   and   uhtaiued  as  a 

roean  oí  eight  experiments  73,79  per  cent. 
Hg  instead  of  73.80  per  cent.,  and  b  the  čase 
i  further  experimente  mada  without 
removing  the  sulphur  he  obtained  74.17  per 
cent.  instead  of  the  theoretieal  value,  73*84  per  cent. 

If  it  is  desired  to  detennine  mercurv  in  an  organic  non-electro- 
lyte,  the  compound  ia  deeompos*  d  by  ihe  rnethod  of  C&ríufi  (sce 
Klementary  Analysis)  by  heating  in  a  dosed  tube  with  concen- 
trated  nitric  acid*  and  the  mercurv  precipilated  as  sulphidc  by  the 
metbod  of  Yolhard;  or  the  acid  solutinn  u  treated  with  pure  sodium 
hydroxide  solution  to  alkaline  reaetiou  and  then  with  pure  potas- 

t  eyanide  until  lbe  niereuric  oxide  baf  (tiflsbhred,  after  which 
the   solution    is   saturated    with    hydrngen   sulphide,    ainnionium 
acetate  added.   the  solution   boSed   until   the  ammonia  is  aln 
entinlv  i-xprlled.    the   preeipitate  allowed  to  settlc,  filtered.  and 

!ied  tirst  with  bot  water,  ihen  with  hot  dilute  hydrochloric  acid, 
and  finallv  with  wai.  r  drying  at  110°  C.  the  preeipitate  of 

csuric  sulphide  ie  weighed. 


Flu.  31. 


Determination  as  Mercurous  Chloride. 

For  the  anály  sis  of  a  solution  containing  a  mercurous  salt,  the 
LtSoa  is  treated  with  Bodium  chloride,  dihited  oonmdierably  witb 
•  ■r,  filtered,  after  Btanding  twelve  hours,  through  aGooch  eruci- 

dried  at  105°  C,  and  weighed.  If  the  solution  eo&taina  a  mer- 
curic  stilt.  it  is  first  reduced.  by  the  method  of  H.  Rose,  by  ineans 
of  phosphoroiis  acid  in  the  presence  of  hydrochloric  acid. 
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Proceduře. — ! The  merniry  solutinn  (which  almost  alwavs  mn- 
t a  i 1 1  s  rútrío  and)  is  treated   with  hydrochloric  acid,  diluted  00D- 

rably  with  water,  an  exoesa  of  phosphoroiis  arid  is  added,  and 
after  Btanding  for  twelve  hours  the  precipitate  is  filtered  ihrough 
a  Gooch  erudbie,  dried  at  105°  Q,  and  wriííhed. 

Remark. — The  resuhs  obtained  by  this  method  are  alwavs 
aboul  0,  i  per  rent.  too  k*w,  lnit  b  špite  of  this  fact  the  method  is 
to  be  recomroended. 

The  phospriorous  acid  necessary  for  this  method  is  obtainrd  by 
the  oxidattoo  of  phoephorua  m  moist  air  or  by  the  decompoeitioB 
of  phosphorous  trichloride  with  water,  evaporaiing  the  BoltttiOQ 
t"  remove  the  hydrochloric  acid  and  dissolving  the  residue  in  water. 


Determinatton  as  MetaL 

AI  most  all  mercury  compounds  are  quantitatively  decomposed 
on  heating  with  lime  aeeording  to  the  equatioa 


HgX+CaO-CaX+Hg+O. 


The  iodide  alone  is  not  rradilv  acted  UpOH< 

To  carry  OUt  this  determinatiom  a  glaas  tut>c  -50  cm.  long  and 
1.5  cm>  wideT  ope&  at  both  e&ds,  is  taken  and  in  oné  crtd  an  aabea- 
tus  plvg  u  pl&oed,  foBoWed  by  8  cm.  of  pure  lime,  thcn  an  intia 
niixturr  ní  a  weighed  anumnt  of  substance  with  Ume,  finally  a  ! 
of  Ume  30  cm.  Loflg  and  at  the  uther  eiid  of  the  tube  another  asb<  s- 
U»s  plug.  After  the  tube  has  beefi  filled,  the  end  neanst  this  scc- 
ond  drawo  <»ut  until  it  is  only  4  cm.  wide,  and  ia 

coDoeeted  by  meaoa  crf  mbber  tubkjg  with  the  empty  narrowcr 
arm  of  a  Péiigot  tube.  The  ether  widcr  md  of  the  Péligot  tub 
looaely  fifled  w ítii  pure  gold4eaf.  The  giase  tube  is  plaoed  in  a 
cornbustian-funi&oe  and  ilhnninating-řras  (caTbon  dioxide  ia  ten 
suited)  ia  paaaed  through  it  forhalf  an  hour.  The  tube  k  beated, 
at  hrst  where  the  30  cm.  layer  of  lime  is,  thrn  the  other  burners  are 
tighted  one  after  another  tintil  finally  the  eiilhe  OOntentB  of  the 
tube  is  subjected  to  gentlc  ignitiom  During  the  whole  of  the  openb- 
tion  iUuminating-gfUB  ia  befrig  passed  througb  the  apparatus  at  tlte 
rnt<'  of  aboul  three  bubbles  a  secnnd.  The  greater  part  of  the 
merenry  eollects  in  the  lower  empty  end  of  the  Péligot  tube  and 
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the  mercury  vapors  lhát  are  cárried  further  amalgamate  with  the 
gold.  A  email  amounl  of  iho  mercury  condensefl  ia  the  drawn-out 
tube.  After  eooling  theapparatus  í  in  a  current  of  illumhiating-gaa) 
x lit*  narrow  part  of  ihc  tube  to  cut  ofT  both  šidí  s  oi  the  eondensed 
nu  míry  and  weighed.  It  ia  then  hcated  gently  while  air  is  passed 
ough  it  to  volatilise  the  meteory  and  again  weighed.  The  dif- 
in  weight  gives  the  amounl  of  mercury  condensed  in  tho 
tube.     The  PéUgOl  tube  ia  usually  moi>i  ;  djy  air  is.  therefore,  eon- 

duoted  ifarough  it  for  mne  tíme,  ařtei  whirh  it  ia  weighed. 

The  results  obtainecl  by  this  rnethod  *  are  perfectly  satisfactory. 
Winteler  found  ín  the  analysis  of  pure  mercuric  chloride  73.81, 
73. SK,  73.74  per  cent.  ínstead  of  the  theoretieal  valné,  73.85  per 
cent. 

Experimente  niade  attempting  to  eondense  the  mereury  under 
vrate?  invariaNv  garo  fcoo  low  valuos  (about  1-2  per  cent,). 

Alíhough  it  ifl  easy  to  ohtain  good  results  l>v  this  rnethod,  it 
ran  be  dispensed  with,  for  the  sulphide  rnethod  affords  just  as 
t  results  in  much  less  time. 

In  r.  desired  to  determine  the  aniouiit  of  mercury*  vapor 

present  in  a  given  space,  it  is  only  necessarv  to  aspirate  the  gas 
through  a  raleimii-ehloride  tube  filled  with  golddeaf.  The  gain 
in  wetght  of  the  latter  shows  the  amounl  of  inereury  present  in 
the  l 

It  is  also  possible  to  determine  mereuiy  electrolytically,  but 
this  rnethod  has  no  advuntnges  ověř  the  methods  already  deseríbed. 

LEAD,  Pk     At.  Wt.  206.9. 

Forms:  PbO,  PbSO„  Pb03>  and  in  rare  eases  PbCl,,f 

I.  Determinatioo  as  Lead  Oxide,  PbO. 

If  the  leftd  ifl  proseni  aa  carbonate,  nitráte,  or  peroxide,  it  is 

oni  v  nm  ssai  v  to  ignite  ^  weighed  portion  in  a  poreelain  crucible 

-mail  fláme  and  weigh  the  reeidue.    Tlie  treatment  of  the 

nitráte  requirea  care,  because  on  rapid  ignition  the  mass  deerepi- 

tates. 


*  First  proposeil  by  Krdmann  and  Maxchand,  Jouni.  f.  prakt.  Ch.,  31.  880 
t  See  Analysis  of  Vanadinite. 
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2.  Determination  as  Lead  Sulphate,  PbS04. 

If  the  lead  is  present  in  solution  m  the  forni  of  its  chloride  oř 
nitráte,  it  is  placed  in  a  porcelain  dish,  an  exettfl  of  dilute  sulphune 
acid  is  added  and  the  rnixture  evaporated  DO  the  wnU  r-bath  as 
far  as  pnssible,  tíien  OV€T  a  free  fláme  until  dense  white  funus  of 
sulphuric  acid  are  evolvrd,  and  aítenvards  allowed  to  cooh  A  little 
tfater  is  added,  the  mixture  stirred,  allowed  to  stand  some  hours, 
filtexed  through  a  Gooeh  erucible,  waahed  fit  fint  with  wau  r  oontoin*- 
ing sulphuric  acid,  then  with  alcohol,  and  dried  at  100°  C.  The  dried 
precipítate  is  placed  in  a  larger  purcelain  erucible  provided  with 
an  asbestos  ringt  and  ignited  over  the  full  fláme  of  a  Tedu  burner. 

If  it  is  desired  to  use  an  ordinary  filíer,  the  precipitate  is  finally 
waehed  with  aleohol  until  the  wash  liquid  no  longcr  givts  the  sul- 
phuric acid  reactioz^  dried,  as  much  of  it  as  pnssible  is  transfemed 
to  a  weighed  porcelain  erucible,  the  filter  ignited  in  a  platinum 
spirál  (p.  20),  and  the  ash  added  to  the  enntents  of  the  erucible. 
By  meaiis  of  the  redueing  actlOD  of  the  burning  filter,  snrne  of  the 
lead  sulphate  adhering  to  it  is  always  reduced  to  lead,  which  mnst 
ha  changed  back  to  sulphate  before  weighing.  For  tliis  purpose 
the  precipítate  in  the  erucible  is  riioistened  with  dilute  nitrie  acid, 
evapnrated  on  the  water-bath  to  dryness,  a  few  drops  of  cone<  B* 
trated  sulphuric  acid  added  and  lbe  erucible  htated  ovtr  a  free 
flance  until  no  more  fumes  are  given  offT  when  it  is  gently  ignited  and 

jhed, 

In  čase  the  lead  is  originally  present  as  acetate,  the  solution 
is  treated  with  an  excess  of  dilute  sulphuric  acid  and  twioe  ils 
volume  of  aleohol,  filtered  after  standing  some  hours,  and  the 
precipitate  of  lead  sulphate  treated  exaetlv  as  deseribed  ubove. 

ln  Otder  to  determine  the  amount  of  lead  present  in  organic 
compounds,  the  substance  ean  be  placed  in  a  large  poreelain  erucible, 
treated  with  an  excess  of  cuueentrated  sulphuric  acid,  and  verv 
cautiously  heuted  in  ihe  cnvered  erucible  over  a  free  fláme  until 
t  1  j i    sulphuric  aeid  is  completely  expelled.    The  erucible  ia  then 

ttty  ignited,  and  if  the  residue  is  white  it  is  ready  to  be  weighedj 
OtherwifiC  more  sulphuric  acid  is  added  and  the  proeess  repeated 
until  finally  a  white  Ti  sidue  is  ubtained, 

In  čase  the  organic  lead  OQZnpOttlld  is  soluble  in  w&ter,  it  is 
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preferable  to  first  predpitate  the  le&d  bf  means  of  hydroptn 
sulphide,  ťilteř  off  the  lead  sulphidet  drv  it,  transtVr  the  greati  r 
part  oř  the  predpitate  rad  tfee  aah  of  the  niter  to  a  larpe  poroelain 
cmeibleř  and  then  oxidize  it  bv  means  of  fmning  nitrie  fttid, 
keeping  the  crueiblr  vréU  oovered    When  t  h  i  *  pas  evolution  I 

fching  whuh   lias    apattared    lipoo    the    eovor-glass   15 

washed  into  the  crueible,  and  the  eontentfl  OÍ  Úm  latter  are  eva]  - 

orated   to  dryness,  treated  with   an  excess  of   concentrated   aui» 

phuríc  acid,  evaporated  t<>  dryness  in  an  air-balh  and  weighed. 

If  the  lead  ta  preseat  in  an  organie  compoimd  which  ia  not 

able  of  dJnpffflifttiŤni,  the  oompound  sbould  be  decompoeed  ia  a 

sed  tube  with  etroag  nitrie  acid  aceording  to  the  method  of 

Caři ur  (see  page  247),  fmally  washing  out  the  contents  of  the  tuU  , 

adding  sulphuric  acid,  and  treating  the  precipitate  as  abuve  de- 

•ed. 

3.  Electrolytic  Determination  oř  Lead  as  Peroxide  {Pb03). 

Many  neutral  sohitions  of  complex  lead  salts,  a  neutral  solu- 
tion  of  lead  aoetate,  also  alkaline  lead  snlutions  ýioid  depoatte  of 

tallic  lead  on  the  ca  t  hode  when  subjected  to  cleetrolysis ;  but 
lead  is  nevěr  determini  d  this  way,  pařily  beeause  of  ihe  round- 
about  procesň  n«  and  [>artly  OD  aeeount  of  the  faet  that 

the  deposit ed  lead  ifl  oxidized  so  rcadily.     If  a  neutral  oř  slightly 

i  (nitrie  aeid)  solution  of  lead  nitráte  h  electrolyzrd,  tlte 
lead  is  depoeited  pařily  as  metal  upon  the  eatbodfi  and  pařtly  as 
brown  peroxide  on  the  a&ode*  Ift  however,  the  solution  contains 
sutíieient  free  nitiie  aeid,  it  b  easily  possible  to  deposit  tlie  lead 
quantitatively  upon  the  anodě  aa  firmly-adhering  lead  peroxiile. 

Proceduře. — The  Bohition  of  lead  nitráte,  eontaimog  not 
:ian  0.2  pni.  lead,  is  placed  in  a  platinum  dish  whose  inner  sur- 
face  ia  unpolished  (as  reocnnmeoded  by  Classen),  15  e.c.  of  pure 
id,  s[>.  pr.  1.4,  are  added,  the  sólu  tion  is  diluted  to  100  cc. 
and  eleetrolyzed  in  the  čokl  with  a  weak  eurrent  of  ahout  0.5 
ampcre  for  froni  twelve  to  fourtcon  hours.  The  apparatus  ia 
arranged  exactly  aa  deacrihed  under  Nickel  (p.  113)  that  the 

tinum  diah  u^v  serveš  as  the  ind  ehouid  be  eonneeted 

with  the  positive  pole,  the  spirál  with  the  negative  pole  of  the 
battery. 
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It  is  customary  to  start  the  electrolysis  at  níght  and  on  the 
folio  wing  niorning  the  solution  is  tested  to  see  if  the  deposit  ion  is 
COtmdete  by  filling  the  dish  with  water  and  noticing  wh  ether  a 
yellowjsh-browu  eoating  is  fonned  on  the  upper  part  of  the  dish 
in  balí  an  hour.  If  all  the  lead  is  depoeited,  whieh  should  háve 
been  the  C&ae  řf  the  direetions  were  carefully  followed,  the  clish 
is  washed  with  water  without  intemipthtg  tlie  current.  To  aecom- 
plLsh  this,  the  aeid  solution  is  siphoned  oíT  while  distilled  water  is 
added.  It  is  irnportant  in  this  operation  to  keep  the  deposit  of 
lead  peroxide  oompletely  covered  with  líquid.  Wheu  the  solution 
that  is  being  siphoned  off  no  longer  reacts  aeid,  or  at  least  nnly 
barely  arid,  the  washing  is  eorn  plete  and  the  eireuit  can  be  brokem 
The  dish  is  finally  waslied  onee  more  with  di.siilled  water,  drierl  at 
180°  C.t  and  weighcd*  The  resulís  obtained  are  always  slightly 
high  on  accoiint  of  the  lead  peroxide  not  being  coriipletely  an- 
hydrous  when  dried  at  this  teTuperature,  BO  tliat  ít  srems  to  the 
author  to  be  advisable  to  gently  ignite  tíie  dish  before  weighing, 
thereby  readily  cniiverting  the  peroxide  inio  had  oxide.  The 
results  obtained  in  the  aut hor*s.  laboratory  leave  nothing  to  be 
demred. 

dis. — (a)  10  c.e.  lead  nitráte  solution  eontaining  0.0631 
gm.  lead  yielded  deposiis  oť  Pb03  weighing  0,0734,0.0731,0,0735, 
0.0733  gm. ;  mean  0,07332  DOlTttpOXldíng  to  0,0635  gm,  lead.  After 
ignition  to**  lead  cnonoKÚte  fonned  mighed  reapeetively  0.0679, 
0.0678,  0.0679,  0.0681;  mean  0.0679  gm.  corresponding  to  0.0630 
instead  of  0.0631  gm.  lead. 

(6)  10  c.c.  of  a  lead  nitráte  solution  eontaining  0.1Š98  gm. 
lead  yielded  deposits  of  PbO,  weighing  0.2202,  0.2200,  0.2203, 
0/2202;  mean  0/2202  corresprmding  to  0.1907  gm.  lead.  After 
ignition  the  weighta  of  lead  oxide  obtained  were  0.2042,  0.2046, 
n2in:s.  0.2044;  mean  1X2044  oatrapondiag  to  0.1897  gm.  Pb  instead 
of  0.1S9S  gm.    Thede  experimente  were  ptrfonned  by  M.  Stoffid. 

Rernark. — By  employing  a  stronger  current  and  keeping  the 
solution  wann  duting  the  el< etrolysis,  tlie  deposition  is  complete 
in  much  tese  time,  blit  according  to  the  author'3  experienee  the 
results  obtained  are  not  so  satisfactory. 

K-sides  the  above-mentioned  forms,  lead  is  also  determined 
as  the  ehrornate  and  as  the  chloride,  but  these  methods  poeseBS 
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no  particular  advuntages  and  consequently  will  not  be  de- 
scribed. 

BISMUTH,  Bi.     At.  Wt.  20S.5. 

Forms:Bi303»  B*A>  Bi, 
i.  Determination  as  Bismuth  Oxide,  Bi:Os. 

Solid  bismuth  nit  niti'  ox  c&rbonate  ta  reudily  changed  to  the 
oxide  by  gentle  ignitioil,  When  bismuth,  however,  is  present  MI 
totution  as  iliť  nitráte  it  shmild  be  first  pfeeipitated  as  ihr  bsmc 
oarbonate  sod  (his  ohaaged  by  ignitioD  to  the  oxide. 

Prúeeéwte. — The  solution  is  diluted  witih  water  (if  a  turbidity 
ensmrs    it    makcs   no    diřference)    a   sliglo  a    of   amrhonimn 

carbooate  n  added,  and  siter  beattog  to  hoQing  the  precipitate 

i>  liltrred  oíF    washt d  with  Imt  watrr,  drírd,  i^iiited.  and  weiidird 
Bi^Oj,     If  the  solution  froru  whieh  the  bismuth   is  tobě  pre- 
eipitated  containa  besidea  oitria  and  other  add6(H0(H|SO4leto.)f 
the  precipitate  produoed  by  aitimonium  Barboaata  alwayi 

tains  baaic  BaltU  CÍ  these  iddfl  whieh  eannot  be  eonvertrd  to  the 

oxide  by  ignitton.    ln  this  ruse.  whieh  is  most  feequeuf  m  analysis, 

the  bismuth  shoidd  lx»  determined  aecording  to  one  of  the  follaw- 
ing  mathoda 

2.  Detennination  as  Sulphide,  Bi2Sr 

The  slightlv  aeid  solution  is  saturated  with  hydrogen  sulphide, 

filtr  red  thriuigh  a  Gooeh  rruriUr  (oř  a  tilter  that  has  been  dried 

S1    100°  Cl  and  weiiihed),  washi  d    with  hydrogtS   sul|>hide  watrr, 

with  alcohol  to  romove  the  water,and  aftrrwards  with  frrshly- 

ílkd  carbon  bisulphide*  to  rentová  any  sulphur  that  raay  be 
mixed  with  the  precipitate. 

The  washing  with  carbon  bisulphide  is  rontimied  until  a  few 
drops  ol  the  filtráte  leave  no  nsidue  on  beisg  euaporated  to  dfy- 
niv-    on    a    watch-glass.      The   prérii  tlien    waa^ied    with 

alcohol  to  remove  the  carbon  bisulphide  and  fmally  with  ether, 
dried  at   10CP  C,  and  weighed  as  BitS3. 

Tlic  distillation  of  ihr  carbon  bímilphide  should be perfoi 

*  As  descríbed  on  p.  134,  or  on  p.  1S& 
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as  follows:  Ordinary  commereial  carbon  bisulphide  is  placed  m 
a  bug-neoked,  round-bottomed  tlask,  provided  with  a  dosely  fit> 
ťmg  cnrk  (not  rubber)  gtoppef  whirh  ia  bored  once.  Through  the 
hole  in  the  eork  i>  placed  a  glass  tube  bent  twice  at  ríght  anglrs, 
whose  furlher  end  leads  íato  B  dry  flask  (without  using  a  stopper 
for  this  receiver).  Two  large  beakers  are  placed  lipou  the  table, 
one  filled  with  water  at  about  60-70°  C.  and  the  other  with  cold 
water.  If  the  flask  eontaining  the  carbon  bisulphide  is  placed 
in  the  beaker  eontaining  the  wann  water,  and  the  other  flask  in  the 
beaker  of  cold  water,  the  carbon  bisulphide  will  distil  rapidly  from 
one  flask  to  the  other.  Care  must  be  taken  duríng  this  opera  tion 
tltat  there  is  no  lighted  gas-bumer  in  the  immediule  vicinity,  for 
otherwise  there  is  danger  of  the  vapors  of  carbon  bisulphidr  taking 
fire. 


3.  Detennination  as  Metal.    Method  of  H.  Rose.* 

The  bismuth  is  first  precipitated  as  basic  earbonate  as  deseribed 
under  1,  and  the  dried  precipitate,  together  with  the  ash  of  the  filter, 
is  phovd  in  a  porcelain  enicible  and  ignited  gen  ti  v.  Five  tirnes 
as  much  of  9S  per  cent.  potassium  cyanide  is  added  to  the  con- 
tents  q(  t\iv  orueibta  and  the  mixture  is  fuaed,  whereby  the  oxide 
and  basíc  salt  are  ehanged  to  atetftltie  bismuth: 

BÍA+3KCX     3KCNO+BÍ, 
2BÍOC1  +  4KCX  =2KCX( )  f  2KO+(CN),+B^ 

Sincc  bistnuth  melta  at  268°  C,  but  boíls  at  1600°  C.,  lt  is  possi- 
ble  to  perform  this  operát  ion  with  a  Bunsen  Same  of  uhnut  half  the 
nsual  heigbt  wiíliMUt  ruiming,anv  risk  of  losing  sotne  ofthe  bismuth 
by  volat iluation.  The  reduction  ta  usually  eomplete  at  the  end  of 
twentv  minutes.  After  cooliiig,  the  melt  is  treated  witn  water, 
whieh  diaaolvefl  the  saLts  and  leavrs  fcfaa  metallie  bismuth  behind 
in  the  fonn  of  a  fused  raetallic  gtobďe,  Freijuenth%  however,  the 
íusion  will  liavf  toQÉGBfcd  soiue  <>f  the  glaze  of  the  porcelain erucible, 
which  will  remain  behind  with  the  bismuth  after  the  trcatment 
with  water,  Consequently  theaqueoua  ootution  is  filtered  through 
a  filter  that  has  been  dried  at  100°  C.  and  Weighed  with  the  empty 

*  Pogg,  AniL,  110t  p.  42& 
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crucible.      After   washini:    íirst    with   water,   then   with    abeoiute 
■hol  and  ether  and  drying  at  100°  CL,  the  íiltí-r  ia  agaiu  pbioed 

in  the  crucible  and  weighed.    The  gain  in  weight  representa  the 

aniount  of  metallic  bismuth. 

Bismuth  siilphide  ean  also  l>e  redneed  1-  -min  eyanide, 

but  in  this  eaae  a  lunger  and  .stnmger  heati&g  Ifl  PeooflMtfy. 

4.  Determination  as  Metal.      Method  of  Vanino  and  Treubert* 

In  this  mot  hod  the  bismuth  ifl  preetpitated  as  metal  by  means  of 
furmaldc'1'iydpin  alkaliriesoltitioTK     The  sli^hrly  and  bismuth  solti- 

tioD  ifl  treated  with  formaldehy  de  and  &  oonaíderable  esoew  of  pum 

10  per  cent.  eaustir  soda  solulion  and  wnrmed  OD  the  wahr-bath  until 
theliquid  above  the  preeipitate  has?  bccnme  perfeetly  elear;  morefor- 
maldehydf  and  raustir  suda  solut  ion  are  then  added  and  the  inixture: 
heated  OW  i  free  llamr.r  decanted  repeatedly  with  water  to  whieh 
a  litíle  aldehyde  hafl  beCD  added,  agftfcl  boiIed,and  by  ptaRttDg  with 
a  glassmd  the  partity  Bpoňgy,  partly  pulvenilent  preripiťate  is  matle 

to  eolleet  together,    The  preeipitate  b  then  filtered  through  a  fil- 
been  previously  dríed  at  105°  C.  and  weighed,  wasned 
with  absolutí'  almhuh  dried  at  105°  C.  and  weighed. 

Bemdrft, — Results  obtained  in  the  authoťs  laboratory  by  this 
met  hod  were  as  a  rule  tOQ  high.  Thus  W.  Iivch  "btained  from 
pure  bismuth  nitráte  suhitíort,  as  a  mean  of  four  experiments,  100.78 

Bgnt.  instead  of  100  per  cent. 

The   high    results  are   caused    by    the   diffieulty   in  reinoving 
last    traees    of  alkali.     Absoluteiy    aOOUfate    results    may    U 
obtained  by   dissulving  the  precipitated  bismuth   in  nitric  acidt 
ipitatmji  by  ammonia  and  anmimiium  oarbonate  and  weighing 

the  oxide  aceording  to(l).     Naturally  this  roundabout  pitK 
wniill  only  be  ehosen  when  the  bismuth  solutif >n  mntained  other 

;    (lir],  lLSur  or  HjPOJj    the  neeessity  of  fnsing  with  potí 
siuni  cyaoide  woold  then  be  avoided. 

The  elertrolytic  drtermination  of  bismuth  does  not  yielcl  relia- 
ble  results. 

*  Brrichte,  31  tts<is)t  1303. 

t  FreqTiciit.lv.  f>:irt jmlsirly  on  Imitf  boílíng,  the  Hrjuid  becomes  colored 
yellow  or  brown.     This  has  no  iuíluenre  upon  the  results. 


144 


GRAWMETRiC  ANALYStS. 


COPPER,  ťu.     Aí    \\t.  í>3.6. 

Foniis:  CuOf  Cu3S,  Cu,  Ca,(CNS)3. 

I,  Determination  as  Copper  Oxide,  Cu(X 
The  solution,  whirh  must  l>e  &€6  ffOBQ  organic  eubstarms  and 
ammoniuMi  salta,  is  beated  to  boíling  m  a  porcelaio  áíflh  and  pure 
eaustio  potasfc  solution  is  addedj  drop  by  drop,  nutil  the  preeipi- 
tato  becomea  iliirk  brown  and  i>  permanent,  whiJe  ttu*  Bolution 
Itsetf  shows  an  alkaliiio  reaetion  towards  litmus-paper.  Aftor  the 
preoipitate  has  Bettled,  the  appt  r  liquid  ii  rarefully  poured  tbrough 
a  filter  and  tho  preoipitate  washed  by  deeantatinn  with  bot  wate.r 
untit  the  wash  wator  no  Imiger  shuvvs  an  alkalinr  reftctíoilj  wheQ  ŮtG 
pře ci pita te    is    transfer  rod    feQ    the   filter   and    00 m plot  cly    vmfaedi 

Ueually  ■  email  amuimt  of  eo^per  oxide  adheres  to  the  poroelaio 
dish  so  fintily  that  it  oas  be  renioved  only  by  vi^uous  rubbing 
with  a  glass  rod   mvered   at    the   ond  with  a  pieoe  of  rubber 

tubing,  and  finally  whon  the  preoipitate  is  removed  froiD  the  dish 
snnie  wili  then  reniain  on  the  nibbor.  CYmsequently  it  is  bettcr  to 
pn  K?eed  :is  fnllmvs:  As  much  of  the  preoipitate  as  possihle  is  reitmved 
by  a  stroain  of  wator  from  tho  wash-bottlo,  then  two  drope  of  dilute 
Ditríc  arid  are  added,  nud  by  inrlíníng  the  dish  and  rubbing  with 
tho  gjtafis  rod,  the  whole  of  the  preoipitate  reinairiing  on  the  dish  is 
innistened  with  the  acid.  Two  drops  of  the  acid  are  Bufficie&t,  with 
correet  manipulatioilj  to  dissnlve  all  OÍ  tho  OOpper  oxide*  A  small 
freeh  filter  ie  prepared  and  the  dish  is  held  in  an  inclined  position, 
so  that  the  liquid  renmins  near  iís  lip,  the  sides  are  washed  once 
with  hot  water  and  the  conteatfl  of  the  dish  (whieh  is  contiuually 
maintained  i n  thia  inclined  position)  are  heah  d  t<>  boíling  <»ver  a 
small  fláme  and  precipitated  by  the  additiOD  of  cauMii  potaflh, 
drop  by  drop.  (Alarge  exoess  of  alkali  is  to  be  avoided  on  areomit 
of  iis  snlvent  actiotí  upon  the  preoipitate.)  *  Tho  whnle  mntents 
of  tho  dish  are  then  quickly  poured  through  the  small  filter  and 
the  dish  i>  immediately  washed  onee  with  water.  The  copper  <>xide 
ie  DOW  all  on  the  filter.     The  preeipit;,  lahed  with  hot  water, 

botb  filters  are  dried,  and  the  most  of  tho  preoipitate  transferred 
to  a  pornlain  enieibleřthe  řilters  ignited  in  a  platinum  spirál,  and 

*<X  VoL  I,  p.  171,  foot-notc. 
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the  ash  added  to  the  contentd  of  the  erueible.    The  erueible  is  cov- 
ered  ud  iguitrd,  at  iir>t  gentfy,  ainl  ímally  WÍth  1 1  i  1  •  full  hcat  of  llu* 

Buiisen  hurnor  then  wcighed.  If  ti]**  pvooefis  ta  caniad  OUt  care- 
fnlly,  the  resulte  obtainad  are  almoat  the  theoretieal  val  nes  but 
a  rule  they  are  a  trifle  high. 

2,  Determination  as  Cuprous  Sulphide,  Cit,S. 

The  solution,  whieh  contaioB  í<w  every  100  c.c.  about  5  c.c.  oí 

runaínt  :wh\  (beel  Bulphuric  acid),  is  be&ted  to  boflang  and 

gen  sulphide  ia  introduoed  until  the  solution  becomea  čokl, 

If  the  right  amount  of  acid  was  presenl,  the  preeipiíate  set  t  les 

qváekly  ia  large  Sooks  and  tíie  upper  liquid  appeare  oompletaly 

iloss.     Before  fuVring,  the  waéb  liquid  Lb  prepared  by 
hydrogen  .sulphide  througb  the  long  tube  of  a  waah4>ottle  for  one 

minule,  then  elosing  the  short  tube  with  a  piece  of  rubber  tubing 

Hhriring  vigorouriy,     As  bood  as  no  more  bubhke  pass  througb 

lbe  liquid,  the  water  is  saturated;  this  takés  about  a  tuinute  at  the 

A  filter  is  now  plarcd  in  a  funnel  containing  a  platinum  G 
the  funnel  is  hned  to  a  BUCtion-bcttlfi  and  the  filtration  is  begun 
at  hrst  Wlthoul  Ufling  BUCtioD,  taking  care  that  the  filter  Is  eon 

!tly  kfipt  full.    When  afl  the  preeipiíate  is  on  the  filter,  h 
washed  with  the  hydrogen  sulphide  water,  and,  at  this  poixU  afao, 

niter  rnust  be  kept  full  of  liquid.*  The  washing  is  eouiinued 
until  1  c.c.  of  the  filtráte  shows  no  pink  colnration  with  methyl 
orange.  The  filter  is  now  for  the  first  tuně  allowed  to  drain  com- 
pleteh  't  and  it  is  dríed  as  much  as  poaáble  by  means  of  gen  tle 
suction,  then  completely  by  heating  in  the  drying  eloset  at 
90-100° í\ 

U  much  of  the  precipitate  as  possible  is  now  transferred  to 
a  weighed  Rose  erueible  (of  unglazetl  porcelain) ,  t he  filter  is  bunied 
in  a  platinum  spirál  and  the  ash  allowed  to  fall  at  hrst  upon  a  11 

í  izod  erueible  oover  whereit  ba  beated  gently  til!  it  glowa,  in  order 
to  mak.-  auře  that  it  eontains  no  unburried  carhonaceous  mať 
:sh  is  i hrn  added  to  the  main  portion  of  the  precipitate  in  the 
A  littL  sulphur  that  has  been  recrystallized  frwn  osrboa 

♦The  copper  sulphide  may  hc  washed  also  with  pure  water  U  the  filtei 
is  kept  filled  with  CO,  during  the  operatiou. 
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bisulphide  is  added  to  the  contcnts  of  the  Bradide,  Úie  perforated 
cover  is  nmv  placed  on  thc  CTOCÍble  (F|g,  32),  a  stream  of  hydrogen 
is  p&88ed  through  it  (the  \vash-l>uiilr  shown  eontains  eoneen- 
trated  sulpliurk*  &eid),  and  the  crucíble  is  healed  at  íirst  ovor  a  sinali 

fláme  a  ml  ti  naliv  OVET  the  full  fláme  of  a  Tech]  burner,  at  which 
teniperature  the  cupric  sulpludc  is  changed  to  cuprous  sulphide: 

2CuS  =  Cu3S  +  S. 

When  the  excess  of  sulphur  has  boen  drive  n  off  (whirh  cnn  be 
readily  ascertained  by  remoYi&g  the  cover  of  the  cnieible  and 
finding  no  blue  fláme  to  be  peroeptíble  and  no  odor  of  burning 
sulphur),  the  eurrent  of  hydrogen  is  increased  so  that  eight 
bubbles  per  Beoond  paoe  through  tibě  wash-bottle  (at  first  not 
more  than  fuur  bubbles  per  Éeeond  should  háve  been  the 
rate),  and  the  fláme  is  renmved.  The  crucible  is  allowed  to 
eool  in  the  ctirrent  of  hydrogen  and  veighed  after  reinaining 
in  the    desiccator   for   fiftcen    1  nimi  tes.     The    cuprous  sulphide 


Fig-  82 

should  be  brownish  black  oř  blaek,  and  should  show  no  reddish- 
brown  stains  (due  to  Cu  or  Cu.,0) ;  this  is  tho  čase  if  the 
mrrent  of  hydrogen  was  too  slow  during  the  cooling.     In  this  ease 
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a  little  sulphur  must  be  adtied  to  the  preeipiiatr  and  the  proeess 
epeated. 
Remark. — It  is  evidenl  that  the  sulphur  uaed  for  this  experi- 
:  t  ahould  leave  nu  ignitioB  do  weighable  residue.    This  is  why 

the  sulphur  ušed  should  be  recrystídlízed  from  earbon  bisulphidr. 

The  reason  why  it  is  necessarv  to  krep  tli*,   fnnnel  filled  with 

liquidduring  the  filtrátům  and  waahicgof  the  cupric  sulphide  u  this : 

íí  muist   COpper  oxide  is  oxposed  to  the  air  it  is  quickly  oxidized 

t  1h*  hydrogen  sulpkkte  waah  wstar  aota  upoo  the  salt  formed  by 

thr    oxidation,  (CuS..*  ía-CuS<  )4) ,  and   tiansíorms    it    into  colloidal 

rupric  sulphide,  whieh  forms  a  pseudo-solutiun,  passes  through  the 

<nd  on  coniing  in  eontact  with   the   acid   filtráte  is  coagu- 

1  ated,     Ií\  bowevefj  the  precipitan  is  not  expoeed  to  the  idr  during 

the  filtrát iim  there  is  no  oxidation  and  the  filtráte  n  rn:iins  rlear. 

of  efaajigJDg  the  cupric  sulphide  into  coprons  sulphide, 

it    has    been  propOBed    to    eonvert    it   to  oxide  by  igrníion  in  the 

air  niv\  weighing  the  eopper  ih  this  form.     If,  howevt  r,  the  hig! 

ŮĚgi  i  fMiracv  is  desired,  this  should  not   W  doně,  for  the 

ted     produel     ahvays    eontajns    BOZD6    suíphate.     When    this 

metbod  is  rhosen,  tht*  CUpric  sulphide  should  be  heated  in  a  glazed 

poroelaín  cnieible,  at  first  over  ■  smafl  Baznej  so  that  the  mass 

01   melt,  and   the  heat    gradunlly  inereased   nutil   finally  a 

idarnp  is  ušed  and  the  oopper  wrighrd  as  GlO.     The  results 

about  0,1  per  cent.  too  bígb  when  not  more  thao  o. 2  gin,  of 

precípitate  ia  present.    Holthof  atates  that  eopjHT  oxide  abso- 

rotu  suíphate  oao  be  obtained  if  the  precipitate  is 

ited  wet  in  an  inclined  poroelaio  crucable. 

3.  Determination  as  Cuprous  Sulphocyanate,  Cu^CNS);. 
Method  of  Rivot* 

The  solutinu,  alightly  acid  with  sulpburic  or  bydíoddorie  aend 
not  be  preaent),ifl  treatrd  with  an  m 
acid,t  after  which   ammonlum  Bulphocyanate  is 
drop  by  drop  with  const&nt  whetébf  a1 


!v.  G.  van  Nanic,  Zřít,  f.  nnorg.  Chcm., 
K  and  Bu  i  em.,  17.  53,  and  30,  122. 

lphurous  &cid,  ammoniuin  bisulphtte  maybc  used     The 
ing  aqueoui  an  th  SOr 
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grcenish  precipitate  of  eupric  and  cuprous  sulphocyanate  is  pre- 
cipitated,  wfaiéh  after  stirring  becomefl  purcwhite.  The  precipitate 
í.s  aOowed  to  set  tle  oompietely  (this  requiree  several  houífl);  it  is 
then  filtered  and  washed  with  eold  water  until  lbe  filtráte  Bhowa 
.only  a  sltght  reddish  coloration  when  ferric  chloride  ia  added, 
after  which  it  is  washed  several  timee  with  20  per  cent.  olcohol, 
dried  at  110-120°  C,  and  weighed.  Th.  Hock  teated  thia  method 
and  obtained  IK),74, 100.05,  and  100.1  tn&te&dof  100  per  oent,  eoppeft 
The  cuproufl  Bulphocyanate  caa  be  dried  at  a  temperature  m  high 
ac  1 60°  C,  but  at  180*0,  it  begins  u*  decompose-    En&toad  of  weigh- 

ing  the  oopper  Bulphocvattale  as  such,  it  ran  be  eonverted  tu  mjI- 
phide  and  then  weighed,  but   this  p  no  advantages  o*er 

the  direet  weighiug.  If,  howeveTj  it  is  deaxred  to  do  this,  the  dried 
precipitate  is  placed  in  a  Rose  crueible,  t  ho  niter  ash  added,  and 
it  ia  roasted  nntil  the  Bulpbocyanate  is  decomposed,  when  sulphur 
is  added,  the  eoatenta  of  the  crueible  ígnited  m  a  enrrent  of  hydn  - 
gen  and  weighed  as  cuprous  sulphide.  It  is  advisable  to  roast  the 
sulphocyanate  beoauae  otherwise  a  verv  difficultly  volatile  subli- 
mate  is  for  med. 

4.  Electrolytic  Determination  of  Coppen 

This  most  aceurate  and  nmst  mnvenient  of  all  methods  for  the 
determination  of  eopper  waa  Hrst  propoeed  by  W,  dibbs  in  1864.* 

Oopper  rnay  hedepnsited  by  uieans  of  the  eleetrie  enrrent  from 
acid,  alkahne,  and  neutral  sohitions,  but  for  anály  tical  purpoese 
íiuly  the  use  ní acid sulutíons  is uf  importance.  The  depoeition  from 
a  oitric  aeid  Boltttioa  ís  best,  but  the  atnount  of  íree  nitrie  aeid 
should  not  exceed  S-10  ]>er  cent. 

Proceduře. — The  solution  of  the  nitráte  <>r  stilphate  (but  not 
the  chloride)  is  placed  in  a  platimim  dish  whose  inner  surface 
ahould  be  unpolished  and  abeohitely  elean,  and,  in  čase  the  solution 
is  neutral.  10  e.e.  of  oitric  acid,  sp.  gr.  1.20,  are  added.  The  solu- 
tion is  diluted  to  100-150  C.c.  and  eiectrolysed  with  a  current  ol 
0.2  ampere  and  2-2.5  volts.     Ať-  ve  hours  the  deposit  ion 

is  com  plete;  thia  must  be  shown  by  adding  more  water  and  observ* 
ing  whether  there  is  any  copper  depoeked  on  the  newly  wet  mri 


♦Zeit.  f.  anal.  Chem.,  3.  334. 
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wilhin  hiilf  an  hottr.  Afl  of  the  cnppcr  should  be  deposited  at 
thls  time  if  nní  more  than  0.3  gm.  is  present.  The  enpper  is 
nmv  washed.  exaelly  as  wiis  dedCTÍbed  under  Lead,  withon; 

ii iiz:  the  current,  until  no  more  bubbles  are  sel  Eree  at  the  positive 
eleetróde.  The  eircuh  is  now  hruken  and  the  metal  washed  as 
qtiiddy  as  possible  with  mteffj  thrn  with  absolute  aleohol  (dis- 
tiBed  over  Ume) ,  and  finally  with  pure ether (dJattUed  overpota* 

It  is  dried  for  a  short  tiine  at  80°  &,  eooled  in  a  desiccator,  and 
weighed. 

fitmoHb.-- Copper  when  deposited  Brom  uitríc  aoid  solutiona  is 
of  a  light-red  color,  poaseeses  a  rrystalline  stmel  ure,  and  adheres 
dosely  t<>  the  platinum.  The  strength  of  the  aoid  diininiflbes 
during  the  eleetralysis  owing  to  its  reduetion  to  ammonía,  If  too 
lit  tle  aeid  is  presentT  so  that  the  snlution  finally  becomes  alk&Bne, 
copper  deposita  as  a  brown,  spongy  oo&tiag  whicfa  does  m>t 
adhere  wvll  to  the  platinum,  so  that  some  of  it  is  likelv  to  bc 
washed  off.  Au  espeeially  beautiful  deposit  of  copper  cati  be 
obtained  by  adding  1-2  t\c.  of  pnre  aleohol  to  the  Bohition  b  I 
electrolyring  it. 

If  the  originál  GOppeT  solution  eontains  eonsiderable  free  mlrie 
aeid  it  ia  evaporated  to  drynrs.s,  the  prescribed  ainnunt  of  nit  ne 
aeid  h  addcd,  the  .solution  diluted  to  100-150  c.e.,  and  eleetro- 
lvzed.  If,  however,  the  originál  solution  eontaing  EttUtill  free 
nilphurk  aeid,  i»  is  either  oeutxalised  with  amrnonža  and  the 
nitric  aeid  added  oř  the  Bulphuric   aeid  solution  is  diluted  with 

ter  and  electrolyzed  as  above,  The  deposite  of  oopper  obtained 
frum  sulphurie  aeid  sohitions  are  not  so  reddidi  in  ooloi  as   those 

UDed  froin  nitrie  aeid  sokitioiis;  the  results  are  equally  gpod. 
It  niay  be  ineiitioned  that  the  důra  tu  >n  of  the  eleetrnlysis  may 
be  considrnibly  shortened  by  keepiug  lbe  solution  btt!   the 

deposita  are  not  so  good  as  when  produced  from  cold  solutions 
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Cadmium,  Od-    Au  Wt.  112. 
Formu:   Cd,  CdS04ř  CdO. 

i.  Electrolytie  Detennination  of  Cadmium. 

Of  all  the  iriethods  for  the  determmation  <>f  cadmium  the  electro- 
lytie met  hod  is  n<»t  oofy  the  most  convenient,  but  by  far  the  most 
aecwate,  and  of  the  íiiany  methods  that  háve  been  proposed  for 
the  electrolysifl  of  thia  metal  only  that  of  Bettstein  and  Jaweín*  can 

reoommended.  From  the  experienrc  obtained  in  the  author's 
Laboratory  the  In-st  proceduře  is  as  follows:  To  the  sólu  i  ion  of  the 
sulphate  a  drop  ofphenolpht  haleni  is  added  and  then  pure  caustic 

ía  solution  until  a  pennanenl  red  oolor  is  obtained.  A  solution 
of  Í*S  per  rnit.  potassium  cyanide  is  now  added  with  OOBStailt  stir- 
ritur  until  the  precipitate  <>f  cadmium  hydroxide  produeed  by  the 
causlic  sodu  has  eonipletelv  dissolved  (au  excese  ol  potaaBÍUSl  cya- 
nide should  be  scrupulouslv  ftvoided),  the  solution  is  tíihited  with 
water  to  100-150  cc.  and  electrolyaed  in  the  oold  for  from  fire 
six  hourá  with  a  current  of  015-0.7  ampere  and  an  electroinoťive 
force  ol  1.8  5  vol  ta;  a1  the  end  of  thia  time  the  currenl  is  increased 
to  from  1-1.2  amperea  and  the  Bolution  ía  electroly&ed  for  one  hour 
múre.  If  these  directions  are  followed,  all  of  the  cadmium  {if  not 
more  than  0.5  gntL  is  presení)  will  be  depoaited  as  a  finály  adhrr- 
ing  •  li ill  deposřl  of  almosl  i-ilvrr-whhe  metal  The  currenl  ta  then 
stoppedj  the  liquid  is  quic.kly  poured  off  t  ^nd  the  depoaited  metal 
I  with  water,  then  with  aleohol  and  finál ly  with  ether; 

dried  and  mighed.  Experimente  performed  by  von  Girsewald 
gave  faultless  reeulte. ' 

RtMttrk.—U  for  the  electrolyaia  a  eurrent  of  0.5  ampere 
uw<\,  the  oadmium  will  not  be  all  depoaited  at  the  end  of  twá 
houra;  ii\  howevwj  ihr  eurrent  is  nuneaaed  a1  the  end,  as  above 

.  18,  446. 
t  Ttu-  suluti-.ti  should  jilways  be  tested  for  cadmium.     For  this  poj 
it  is  acidified  with  hydrochloric  acid  (under  the   hond),  warmed  until  tU* 
hydrocyanic  aeid  ii  lU  drlven  ofí,  when  hvdrogeu  ftilphide  is  p&ssed  into 
it.     A  yHlnvv  eoloratioíi  or  a  prcripitate  showB  radmhirru      [1  Ivis- 

nb|p  to  pas  inť  hydrogen  Bulphid  into  the  alkaline  solution,  as  in 

v  yellow  ooJor  ta  oftea  produeed  when  ao  cadiniuni  i*  present. 
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stated,  lo  1  anij>ere,  the  eleetrolysis  will  be  BUPely  ftntohed  in  aix 
to  Beves  hours.  To  work  with  the  itaro&get  cunvnt  Etom  tbe 
oo1  to  be  recommeoded,  for  ia  that  čase  the  metal  is 
depnsited  in  a  spongy  form  and  <  m  washing  soine  of  it  is  likely  to 
be  lo 

m    2.  Determination  as  Cadraium  Sulphate,  CdS04. 
\<  \t  to  the  r]<  rtiiilytir  method,  the  detenninatioo  of  carjtmum 
as  the  sulphate  ba  the  best    If  the  cadmiun]  is  oombined  with  a 
volat Up  acid,  the  compound  is  fcreated  in  a  weighed  porcelaln  cro- 

cihle  with  a  alight  exoeaa  <>í  dilute  íulphuric  acid,  the  solution  evapo- 
rated  ob  the  water-bath  as  far  as  poe&ible,  and  finally  the  exceas 
of  -sulphuric  acid  is  removeil  by  beating  in  au  air-hath  (the  crucible 
is  plaoed  in  a  larger  orucible  that  is  provided  with  an  aabestos  ring).* 
The  heat  is  appiied  at  hrst  slowly,  and  the  temperature  is  rai-rd 
graduaily  until  finally  no  inorc  fuuics  of  sulphuric  acid  are  evnlvrd 
The  outer  oxucible  ean  even  be  heated  with  the  full  fláme  of  a  Tedu 
bnrner  without  runiiing  any  risk  of  decomposinír  thfi  eadmium  sul- 
phate ;  it  is,  hnwever,  nnt  necesta  ry  to  heat  it  BO  strongly.     As  s< 

the  fuinee  «»f  sulphurie  acid  oea&e  to  oome  ofl  the  operation  fa 
eoded  and  the  crucible  and  its  contents  are  weighed  al fasr  COOting 
in  a  desíccaton  The  cadmium  sulphate  should  be  pure  while 
and  shoukl  dissolve  in  Water  to  form  an  absolutely  clcar  solution, 

If  the  cadniiuiu  has  heen  preripitated  from  a  solution  as  the 
sulphide,  the  pvater  part   of  the  precipilair   is   plaecd  in  a  large 

selata  crucible,  covered  with  a  watch-řdass,  and  treated  with 
hydrochlaric  acid  (1:1)  on  the  water-bath.  After  the  precipitate 
lias  dissolved  and  the  evolution  of  hydrogeo  sulphide  has  c  jisrd, 
the  Inwer  side  of  the  watch-jdass  is  washcd,  the  crucible  is  placed 
under  the  funnel,  and  the  precipitate  which  adhered  to  the  filter- 
r  is  dinolved  by  droppinn  hot  hydroéhloríe  and  (1 :1)  lipou  itt 
finally  washing  the  filter  with  hot  water,  evaporatir^  the  solution 
upon  the  water-bath T  and  proceeding  as  above  described. 

The  results  obtained  by  this  met  hod  are  excellent. 

The  Precipitation  of  Cadmium  as  Sulphide. 
Tlu*  frequently  recommended  determinatioD  of  cadmium  as  the 
sulphide  mustbe  re jected:  it  \<  useleBS.      It  i-  QOl  possibte  topreeipi- 
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tate  pure  cadmium  sulphide  froin  aeid  snliitinns  by  means  of  hydro 
gen  sulphide;  the  precipitate  is  always  eontaminatcd  with  a  hasič 
salt  (CdjdjS— Cd^SK)4S,  etc.)  whether  the  p?veipitation  takés  pláce 
in  oold  of  hol  suhitinns,  whrthor  under  atmoepheric  pressure  oř 
iwdef  increaeed  preesure  (iq  i  preseure-fiaek);  and  in  fact  the  amount 
of  l »;i>i<-  salt  formed  inereases  with  the  amount  of  free  acid  present. 
Resulta  areobtained  as  much  as  Jí  per  cent.  too  high.  Fofleriius  * 
attempted  to  make  the  msthod  possible  by  igniting  an  aliquot  part 
oř  the  dlíed  and  weighed  precipitate  in  a  streain  of  hydrogen  sul- 
phide. If  the  sulphide  \\as  contaminated  irith  sulphate,  he  suc- 
oeeded  in  changiug  it  all  to  sulphide  and  obtained  results  that  were 
acceptable.  If,  however,  chloride  was  present,  a  eonsiderable 
part  was  lost  by  sublimation,  so  that  the  reeulte  obtaincd  were  too 
k>W«  It  is,  furthcrmore,  not  possible  to  lignite  the  cadmium  sul- 
phide with  sulphur  in  a  currciit  of  hydrogen,  as  was  described 
under  Zině  and  Copper,  fof  narimium  sulphide  is  so  volatile  that 
some  of  it  is  loet. 

<  >n  the  otlicr  hand,  the  method  of  precipitating  the  cadmium  as 
sulphide  fn>m  sohitions  containhig  2-7  c.e.  of  eonoentrated  sul* 
phuric  acid  in  100  c.e.  La  to  be  recommecLdedj  for  by  thia  menu  a 
precipitate  is  obtained  whicb  can  be  readily  filtered  and  witiéh  bj 
solution  in  hot  hydroehlorir  acid  (1:1)  and  evaporation  with  sub 
phuric  acid  can  be  changed  without  loss  to  the  sulphate  and  weighed 
as  such. 


Determination  as  Cadmium  Oxide,  CdO. 

Cadmium  carbonate  and    cadmium  nitráte  can  be  changed  to 
the  oxide  by  strong  ignition. 

The  cadmium  is  prceipitaU-d  from  ils  solutions  at  the  boiling 
perature  bj  the  additioD  of  a  glight  excese  of  potaseium  car- 
bonate,  and  after  standing  for  boxbc  bbne  on  the  water-baih,  and 
when  the  precipitate  has  completely  seitled,  it  i  |  off,  waahed 

with  bot  water.  and  dried<  A>  miifh  <>f  the  dried  precipitate  as 
postihle  is  transfened  to  a  watch-glass  and  set  aside  for  the  tkne 
being.  The  niter  is  waehed  with  dilute  nitric  acid  to  diasohre 
the  email  amount  of  the  precipitate  which  still  adheree  to  ít  and 


ANALYS IS  OF  BRASS. 
Bohltkm   ifl  reccived  in  a  fflHghed  poreelain  DfUOtbk  ud  B1 

Qiitod  ta  dryneoa    The  main  portkra  of  the  precipitate  íb  now 
uid  the  crucible  ifl  at  hrst  veiy  gently  beated  by  placiiig 

the  opru  erucible  high  above  a  sinali  flámo  from  a  Teolu  humor, 
until  the  whole  mass  has  become  a  uriiform  broWB  tlinni^hout. 
The  tetnperature  is  now  graduallv  raised  umil  finally  the  full  heat  of 
the  burner  is  reached.  It  is  important  durjng  this  operation  to 
bal  the  iuner  tlame-mantlo  (k)6fl  not  tnurh  T lir  erud- 
hlo,  for  nthorwiso  redudng  gasos  may  otitcr  the  crudble  and  reduoe 
ií  of  the  oxide  to  metallie  eadtniurn,  which  is  volatile  at  this 
tcm|HTauiro+  The  cadmium  oxide  m  obtained  as  a  brown  pou 
which  is  infusible,  insoluble  in  wator,  ln.it  rcadilv  soluble  in  dilutC 
odda. 

ti>  mark. — It  is  no1  advisahle  to  preripitate  the  cadmium  by 
means  of  sodium  carboxiate  solution,  for  ta  that  ease  it  is  diffioult 
1   thc  preeipitate  free  from  alkali. 

SEPARÁTNÍ*    OF    THE    SULPHO-BASES    FROM    THE    METALS  OF 
THE  PRECEDIHG  GROUPS, 

Hydrogen  sltlphide  precipitates  only  the  metals  of  the  "hydro- 
gen suiphide  group"  frorn  acid  solutions.  It  is  to  be  noted  that 
gine  precipítates  with  this  group  if  the  solution  is  not  acid  enough; 
while  if  the  solution  is  too  acid  lead  and  cadmium  are  often 
incompletely  precipitated.  A  suitable  concentration  is  20-30  c.c. 
Ol  double-nonnal  hydrochloric  oř  sulphuric  acids  to  100  c,c.  of 
liquid. 

ExaMPLE. 

Analysis  of  Brass  (Alloy  of  Copper  and  Zinc  with  Small 
Amounts  of  Lead,  Iron,  and  Nkkelh 

About   0.4-0.5   gm.    of    the    alloy,  in    the    form    of   borings,* 

is  dissolvod  in  aboul  20  C.C.  of  oitric  acid,  sp.  gr,  1.2,  in  a  2Q0-c.c. 

r-rnle  which  is  COVered  with  a  watch-glass.     After  lho  reaetion 

begma  ta  slaoken,  complete  solution  is  elteeted  by  warming  on  the 

'T-hath.     The  solution  is  then  evaporatod  ta  OOmpletc  dryness, 

ith  a  little  nitric  acid,  dissolved  in  about  50  c.c.  of 

*  The  borinies  are  umiiillv  somewhat  greasy.     Tliey  should  be  waehed 
i  ether  before  weighing.     Cf.  p.  178,  foot-note. 
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hot  water,  and  the  ever-present  metastaiiiiíe  aciil  is  ailowed  to 
tle;  it  is  filtered  off,  washed  with  hot  water.  dried,  and  the 
tin  detennined  aoeording  to  p.  172.  To  the  cold  filtráte  H  c.c. 
of  i  mře,  ooncentrated  Bulphurio  edd  are  added,  t  he  sul  ut  ion  is 
evaporated  im  the  water-bat;  &b  posatble,  and  then  heated 

caiitiouslv  over  a  íroe  Same  nutil  dense  white  funies  of  sulphurie 
acid  are  evolved.     After  euuling  the  resid  ited  with  50  c.c. 

q{  water  a&d  15  c.c,  of  aleohol,  stirred  well,  filtered,  washed,  and 
tin-  tead  Biilphatfi  detennined  aeoording  to  p.  188.  The  filtráte 
raporated  nutil  tfaealeohol  u  eoaa&pletely  retnoved ,  100  c.c.  cf 
water  are  added,  tlíte  Babitům  i-1  heated  to  botling,  and  bydrogen 
aulphide  is  cnnducted  tato  it  untíl  ji  becomee  ooid,  wheo  the  oopper 
aulphide  la  filtered  ofT,  nraahed  hrst  with  bydrogen  sulphide  water 
COUtaining  IQ  every  100  c.c.  20  c.c.  of  double-normal  sulphurie  acid 
and  at  the  end  with  pure  Jn  sulphide  water.     The  copper 

is  determined,  aceurding  to  p,  145.  afl  (u,S. 

The  filtráte  frnm  the  copper  sulphide  is  evaporated  to  a  small 

volume  in  order  to  ranové  completely  the  bkbbbě  ol  hydrogea 

sulphide,  ťhe  iron  is  then  oxidized  by  the  addition  of  bromine 
water,  precipitated  by  animonia,  and  filtered.  In  order  to  make 
sure  that  the  přeci  pit  a  te  of  ferric  hydroxide  contains  no  zinc,  it 
is  dissolvcd  in  a  lit  tle  hydrochloric  acid  and  the  precipitation  with 
ammonia  is  repeated.  The  filtered  and  washed  precipitate  is 
ignited  in  a  porcelaiu  erueible  and  weighed  as  ferric  oxide  (cf. 
p.  77). 

The  combined  filtrates  from  the  ferric  hydroxide  are  acidified 
with  a  little  sulphurie  acid, heated  tO  about  50° C, and  the  zinc  de- 
termined  as  zinc  sulphide  aeoording  to  the  "salting-out"  method 
deseribed  on  p.  128.  For  the  dětem  lination  of  nickel,  the 
filtráte  from  the  zinc  sulphide  precipitation  is  evaporated 
dryH£8Sj  the  animonium  salts  expelled  by  gentle  ignition  of  the 
residuet  whieh  is  aíterwarde  dissolved  in  as  little  nitric  acid  as 
possible,  and  the  nic  kel  precipitated  as  Ni(0H)3  as  deseribed  on 
p.  111>  and  detennined  either  as  oxide  or  as  the  metal  itself* 


SEPARATION  OF  MERCURY  FROM  LEAD,  ETC 


155 


SEPARATIOIT  OF   THE   StTLPHO-BASES  FROM  ONE   ANOTHER* 

i,  Separation  of  Mercury  from  Lead,  Bismuth,  Copper, 
and  Cadmium. 

Mvthod  of  Oůrkard  v.  fioll. 

Priociple. — This  separation  is  based  Upofi  the  insolubility  of 
mercuric  i\flphide  ixi  boiling,  dihite  oitric  aeid  (sp.  gr.  1.2*1.3) 
and  tbe  eolubility  *>f  the  remaining  sulphides. 

Proceduře. — The  solution  (contftinmg  the  mercury  entirely  in 
the  mercuric  form)  is  precipitated  by  rneans  of  bydrogen  ftulphide, 
the  precipitate  filtered  off,  waahed  with  hydrogen  sulphide  water, 
fcransferred  to  a  porcelain  diah  and  boQed  for  a  conaiderable  Length 
of  únw  with  oitric  acid  nf  the  above  óonoentratíoiij  then  dfluted 
with  a  littlr  water  aiul  washcil  with  water  oontainmg  Qltric  nrid. 
The  lísidue  of  mercurio  aulphíde  thus  obtained  always  oontaine 
sulphur,  and  in  čase  eonsiderable  lead  WEPfi  prOBOPt  it  will  abo 
•  rnitaiii  lead  sulphate.     tt  is,  therefore,  dissolved  in  a  little  aqua 

regfc,  dfluted  with  water,  filtered  from  the  separated  sulphur  and 

had  sulphate  and  the  mercury  precipitated  according  to  the  met  hod 
ořVolhardj  with  ammanium  sulphide  (cf.  p.  134).  If  some  of  the 
lead  aulphmte  Bhould  gO  intO  solutiím  with  the  mercury  00  trřaliníí 
with  aqna  rejíia,  it  wiil  be  converted  by  the  anmumimn  sulphide 
and  potassium  hydroxide  into  insnluble  lead  sulphide,  whtlc  the 
mercury  will  be  in  the  form  of  rtě  suluble  Bulpho-aalt.  In  thía 
čase  the  lead  sulphide  Ls  filtered  ofif,  Waahed  with  dilute  potassium 
hydroxide  Bolution,  and  the  memuy  then  precipitated  as  sulphide, 
as  described  on  p.  134. 

2,  Separation  of  Bismuth  from  Lead. 

(n)  Met  had  of  L< 

Prináple.—  Bismuth  nitráte  is  changed  by  the  action  of  Water 
into  an  insoluble  basic  salt,  while  lead  nitráte  undergoes  no  such 
Oflformatíon. 

Proceduře. — The  solution  of  the  two  metals  in  nitrie  acid   is 
iporated  od   the  water-bath  tintil  it  reaches  a  syrupy  1 

is  added,  and  after  thorough  stirríng  with  a  glass 
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rod  the  evaporation  is  repeated  and  the  proeees  oontinued  until 
the  aiÍLÍitioii  of  the  water  íails  to  prodnee  any  fnrther  turhitlitv ; 
a  sign  th&4  the  liisniuth  has  been  oompletely  converted  into  the 
lj;isir  salt  BijC^NOgOH.  A  oold  Bolution  of  ammonium  nitráte 
(l  NH^NOgiSOO  HjQ)  fa  now  added,  and  after  Bt&nding  Bome  lízne, 
wiih  frequenl  itining,  in  order  i*>  roake  aune  that  the  lead  iiitrute 
has  complelely  gonc  into  solution,  the  solntion  is  filterecl.  The 
precipitate  is  washed  with  tbe  dilute  iiinmonium  EUtsate  snlut.imi 
and  dried.  As  much  of  it  as  possible  is  transferred  to  b  weighed 
porcelain  cmcible  and  together  with  the  ash  of  the  filter  is  ignited, 
al  finti  gently,  and  finally  with  the  ful)  fláme  of  a  Bunsen  burner. 
It  is  weighed  afl  Bi»( (:i. 

From  the  filtráte  the  lead  is  prempitated  aooording  top.  L38, 
as  sulphate,  and  weigbed  as  such.  It  is  less  satisfactory  to  prc- 
eipkate  the  lead  as  sulphide  and  weigh  it  ia  this  forrn  after 
gentle  heating  with  snlphur  in  a  Rose  cracible. 

(b)  Mdkod  ej  Júfmasch* 

PrincipU. — The  separation  dopends  upon  the  different  vola- 
tilíty  of  the  two  broinides.  Bisinuth  bromide  ifl  fairly  readilv 
volat  ile;  lead  bromide  is  ordy  diřficultly  so. 

R 


Fig.  33. 

Proceduře.— The  sahitiosi  oř  the  nitrates  is  evaporated  to  dry- 
se,  100  c.c.  of  water,  sufficient  hydroehlorie  acid  to  afford  a 
clear  s<iluti<»n,  and  a  few  drope  of  funiing  nitric  acid  are  adáed,f 
after  which  hydrogen  sulphide  is  íntrodueed*  The  precipit&ted 
Bulphidee  are  immediatelyfilterBd,  the  precipitate  is  dried  al  100°  C. 
in  a  streuni  of  carhon  díoxide,  afteT  which  as  rouch  of  thci  precipitate 

*  TViiktisrhtT  Lcttfs  ten  der Gewiohtsanalyse,  p.  155. 

t  By  the  udditiou  of  the  furning  nitric  aeid  the  preeipituted  sulphide 
is  coíitiímínntťd  with  conmderable  sulphur;  such  a  precipilute  ii  umře  nadíly 
decom  posed  by  the  ar t ion  of  hrominc. 
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aspoasibleis  placní  in  au  agate  niortar  and  theaafa  of  the  fikeradded 
t.    Thewfaoleof  the  precipitate  is  ground  Sne  and  transferred 
wri^hed  poreclain  boat, whiofa  is  then  introdw 
into  the  deoompoeitíoD  tubo  /ť*  (1*%.  33),  made  of  difficultly-f uaibla 

i:la>s.      At  first  B  sinaní  of  dlj  aarbori  dioxide  is  passed  through  the 
is  and   the  substance  is  l^niIy  hrated  by  mcansoía  small 

fláme  in  order  to  eompktely  dry  it.    The  ffater  coodensingio  the 
trout  part  of  the  tubo  ii  driveo  over  toto  B  by  careful  heating. 
The  bottle  *l  ooataining  bromtnef  is  now  oora ked  with  the 

apparatus   and   tbe  stream    OÍ  carbon   dioxide   is   passed   through 

it;  the  gai,  oarrying  bromine  vaporg  with  itT  is  paoood  through 
the  vertical  ealciuin  chloride  tube  filled  with  piecefl  of  ealche, 
then  through  ti  li-  eoncentratod  gulphuric  arid  oontaiued  in  B,  after 
this  through  the  tube  C  eootaming  gtaas  beade  moistened  with 

sulphurie   aeid,  íitnl  finally  through  the  tube  D  filled  with  glass 

wool,    and    from    this    the    dry    bromine    VMpOTB   nach    the    sub* 

KMSe.     The    laltcr    is    heated    OWT    a    sinali    Haiin'    (kept   in  cnn- 

sT;int  inotion)  and   the  yellow  bisinuth  bromide  (fotila  otT  sod 

■  1. n>cs  partly  in  the  narrow  part  of  the  tube  and  pařily  in  the 
■iver  St  vvhich  contains  dilute  nitric  aciil:  1  II  \<  i.,:!?  \\J  K     The 

heated  hotter,  wrbereby  more  bfemuth  bromide  is  voli* 
IJliaed,  and  this  is  again distilled  as  completel;  úhle  tuto 

recciver,  Finally  the  substancí1  is  heated  more  strongly  still,  until 
the  lead  bromide  be*jins  to  rnelL  When  m>  mora  of  the  yellow 
sublim&te  fe  formed,  the  deooui posil  ion  is  shown  to  be  complete 
and  tlie  substance  is  allowed  to  oool  in  a  stream  of  carbon  dioxide. 

The  bromine  thal  <  om  tbe  tube  K  i*  paeaed  into  aleohol 

eontained  in  thebeakerF.  When  the  apparatus  ha»  becomaeold, 
the  bromine  bottle  is  removed,  and  the  bromine  \<  removed  from 

the    apparnlus    by  paasing    carbon    dioxide    t  hroutil    it    for    mne 

♦  Tn  this  dctennín/ition,  the  hiilh  nf  tlie  íu\ye  is  tititíťceágary;    it  shoutd 

■  'fil:ir«'<l  by  mu*  snili  os  is  ahown  iu  Fig,  33,  //.  For  other  analvses  it 
k  better  Iq  bava  the  butt>« 

t  For  this  experimtínt  Hw  bromine  inM  m\»M  be  abBohlUiy  frče  fn.ni 
chlorine  and  ía  prcpared  :%$  follows:  50  0Q  &«  of  i  ooiniercial  bromine 
r*'d,  in  a  tightly-etoppered  aepaimtoiy  fuiinel,  with  ■  10  per  ci 

mimin  bromide  solution  The  funnel  is  ihakaq  vigcstMtdfTf  and  the 
brr»iniru'  B6p4fated  from  the  aqueous  alkaíi  solution  After  washing  two  oř 
threc  times  with  water,  it  is  ready  for  use. 
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tirne.  The  boat  fUIed  wiifch  bod  bromide  is  then  Weighedj  and 
from  the  weight  of  the  PbBrs  that  of  the  lead  ís  eompufod,  To 
ehrck  this,  tfae  lead  bromide  íi  dissolved  in  freshlv-prepared 
chlíví íim  uau-r,  an  excese  of  dilute  sulphuric  acid  is  added,  and 
tlít-  eolution  is  evaporated  to  remove  the  hydrochlnric  acid,  at 
lnsf  on  the  wnter-hath  and  íinaMv  ovbt  a  frče  fláme  until  di  i 
fumes  of  sulphuric  acid  are  evolvcd. 

After  cooling,  water  and  nleohol  are  added,  lbe  precipitate 
filtered  off  and  the  weight  of  the  lead  sutphate  detormined  as 
deserihod  on  p.  138.  For  the  bismuth  detennination,  the  nitric 
ariti  sttliition  contaioed  in  Band  K  is  poured  into  b  beaker,  filtered 
if  necessary  from  any  snlphur,  evaporated  to  a  small  volume,  and 
the  bismuth  preeipitated  by  the  adtiition  of  ammonium  carhoriatc 
and  determined  as  metal  as  deseribcd  on  p,   142. 

There  háve  been  many  other  inethods  proposed  for  the  separa- 
tion of  lead  and  bismuth,*  all  of  which  are  less  satisfactory  than 
the  two  inethods  just  described,  so  that  they  will  not  be  discussed 
in  this  book. 

Separation  of  Bismuth  from  Copper. 

The  sólu tion  is  treated  with  an  excess  of  ammonium  carbonate, 
warnied  gently,  and  filtered.  The  precipitate  of  basie  bismuth 
carbonate  alinost  always  eontains  small  quantities  of  copper,  so 
that  it  is  dissolved  in  nitric  arid  and  the  separation  by  means  Of 
amrnomum  carbonate  is  repcated.  The  basic  bismuth  salt  is 
fused  with  potassium  eyauide  and  weighed  as  metal,  according 
to  p.   142. 

For  the  GOpper  detennination,  the  two  filtrates  are  comtained, 
evaporatrd  to  remuve  the  exress  of  ammonium  carbonate,  acidified 
with  sulphuzie  add,  and  the  copper  preeipitated  by  means  of 
hydrogen  sulphide,  bdllg  determined  as  cuprous  sulphide  aeeord- 
ÍBI  to  p.  1 45,  or  the  sulphuric  aekl  solution  is  subjected  to  eW- 
t  roly  sis  as  deseribed  on  p,  lis, 

Acconling  to  Freseaiua  and  Haidlin,  bismuth  can  be  aeparttted 
from  oopper  verv  niob  by  means  of  potassium  cyanide.  Foř 
this  purpose  the  acid  sólu  t  ion  ipitated  by  the  addition  of  a 

*Cf.  O,  Bteea,  Ziit.  fúr  angew.  Ohem.,  1805,  p.  530 
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elight  excess  of  sodiurn  carbonať  ,  potaseimn  eyímidr  B 
ud  the  solutum  warmed  and  fillered.  Alt  of  the  copper  is  fmmd 
in  the  filtráte,  while  the  preeiphate  contains  bismuth  oxide  con- 
taininatei]  with  alkali.  The  residne  ht  therefore,  dissolved  iti 
nitric  acid,  tbe  bismuth  prccipitated  by  means  of  amnuniium  car- 
booate  Míi  l  determiiied  as  metal  ftooording  to  p,  142,  The 
filtráte  coníainhvj:  the  copper  is  evaporatod  with  nitric  acid,  i  a 
order  to  destroy  the  cyanide,  and  the  copper  determined  elect.ro- 
lytically  according  to  p,  14S. 

Separation  of  Lead  from  Copper  by  Means  of  Electrolysis, 

This  separaťmu  depends  upOQ  tbe  fact  that  lead  is  depotu  ted 
quantitatively  Bfl  VHK  npoii  tbe  anodě  from  sohitions  containing 
a  definitc  amotint  of  nitric  acid  by  means  of  a  weak  current, 
while  tbe  copper  is  cither  not deposited  at  all  under  these  eonditions 
oř  is  found  upon  the  eathode  to  some  cxtenL  After  the  lead  ifl 
Bompleteiy  deposited,  the  copper  solution  is  poured  into  a  Beeond 
ighed  platimim  dish,  the  exoesa  of  the  arid  is  neutralized  with 
ainmonia,  and  the  solní  ion  airain  eleelrnlyzed.  The  OOpper  will 
DOW  deposit  quantitatively  apOD   the  eathode. 

Proceduře. — The  Bolution  <*f  the  fcwo  nitratcs  is  placed  in  a 
platinum  dish  (of  tlie  fonn  reeomrnended  by  Classen)  with  Ihe 
inner  BOrf&Oe  impolished,  and  20  C.C  ní  nitric  acid  (sp.  gr.  L35-1 
06  idded,  after  which  the  solution  is  diluted  to  150  e,e.  and 
elcctrolvzcd  at  50-60°  C.  with  a  current  of  1.-1.5  amperes  and 
an  electroinotíve  force  of  1.4  volte.  Usually  three  or  four  hours 
are  sufneient  to  deposit  all  ihe  lead  lipou  the  anodě  (tbe  dish)  in 
the  fonn  of  a  firmly-adherini:f  bmwn  Có&ting  of  peroxide.  The 
depo  ashed    wiíhout     breaking     the     c.ircuit    At  Ebed 

on  p.  140.     Tbe  siphoned   iolution  porated  to  ■  voltu 

fttxvut  130  c.c.  and  atnmonia  is  added  until  the  precipitate 
which  ta  at  first  for  med  redisaolvee  to  a  dark-hlue  solution; 
10  « lc.  of  nitric  acid  (sp,  Kr*  1*20)  are  now  added  and  the 
sololion  onoe  more  electrolyzed  with  a  cum-m  of  1  ampcre  and 
an  rlectromotive  force  of  22-2,5  volts.  The  platiímm  dish 
now  as   the  cathode,  while  an  impolished  platinnm  disk- 

rvea  as  the  anodě:   in  rase  traoea  of  lead  remain  in 
solution  after    the    first    electroiyeis,  it  will  now  be  deposited. 
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When  the  clectrolysis  ta  com plete  the  electrodes  are  washed 
wíthout  breaking  the  dreutt  and  the  weight  of  the  ooppeř  and 
PbO,  is  detennined, 

Rernark. — This  met  hod  aflfords  reniarkably  accurate  resnlt>.  In 
čase  l&Tge  aniounts  of  lead  are  pFBBBflt  it  is  advísable  U>  start  with 
a  weaker  ciinent  than  ta  above  givea  (aboul  0,5  ampere)  Ind 
aftor  an  hotir  to  increase  it  to  1.5  amperes.  In  ibis  way  a  deposit 
of  peroxide  is  obtainad  whieh  wiH  adhere  fiitnty  to  t ho  eleetmdr, 

reas  if  thfl  etrOBgBf  enrrent  were  ušed  at  hrst  BOme  of  the 
deposit  ta  likely  to  drop  om 

If  oidy  small  amounts  of  lead  and  coppor  are  present,  the 
electrolysis  should  také  pláce  under  ihe  oonditicoi  deseribed  on 
p.  148,  exeept  in  this  čase  a  weighed  disk-electrode  shoukl  be 
emplojned  as  the  anodě.  Under  these  oonditícna  the  lead  will  l>e 
depnsited  as  the  peroxide  upmi  the  anodě,  while  the  cupper  will 
separate  out  upon  the  dísh. 

Separation  of  Lead  from  Copper  and  Cadmium, 

{From  BiBmuth  hss  Siiti$f<ic(arihj,) 

The  solution  of  the  nitrates  oř  ehloridns  is  treated  with  an  e 
of  snlphuric  acid»  evaporated  to  remove  the  nitric  oř  hydrochloric 
aeid,  and   the  lead    detennined    as   sulphate   as  described  on  p, 

Separation  of  Copper  from  Cadmium. 

1,  Metkodof  A.  W.  llojmann* 

A.  W.  Hofmann  states  that  eopper  and  cadmium  ean  be  sepa- 
rated  from  OHe  another  by  boiliím  íheir  sulphides  with  sulphnrie 
acid  (1:6)  whereby  cadmium  Bulphidc  ie  dtasolved  while  oopper 
Bulphide  is  unacted  npon.-  Hofrnann  seems  to  háve  teeted  thta 
separation  only  qualitatively  and  not  quantitativelv.  but  nevertho- 
iven  in  all  early  text-books  without  Bubmitting 
any  analysee  to  prove  its  accuracy.  Experimente  performed  in  the 
author's  lahoratory  ahowed  that  in  the  form  proposed  by  Hufmann 

*  Ann,  d>  CVm.  mul  Phann  ,  llá,  286, 
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this  methotl  cannot  be  osed  for  the  quantitative  separation  i»f 
tfae  twiř  inetals;  00  thr  otheT  band,  if  k  is  carried  out  according  to 
the  řollowing  cnodifications,  exceUeat  results  are  obtained. 

I*nurfhm\—  Suííirirnl  sulphuric  acid 
of  the  sulphates  sn  that  one  part  of  the  arit l  is  eontaiiu-d  iu  íour 
parta  of  the  oolutioa.  The  latter  is  nov  bsated  to  boilúig,  and 
during  the  boiliog  hydrogen  sulphide  is  paoeed  through  ít  for 
twenty  núnutes,  after  whieh  the  solution  is  boiled  for  fif testi 
minu  tes  bnger,  Thr  solufmn  ta  ÍUtered  while  hot  through  a 
fumtřl  kept  filled  with  carbon  dioxide  aad  the  prgeipitate  Es  wathed 
mth  boiled,  bol  water  ta  the  dísappearanoe  of  the  aeid  reactíon. 
The  copper  sulphide  thllS  obtained  is  oasy  to  niter  and  wash;  it 
however,  always  eontaius  email  amounts  of  eadinium,  so  that  the 
srparation  musí  be  repeated.  The  copper  sulphide  is,  therefore, 
traiisferred  to  a  porcelain  dish  by  means  <>f  a  streani  of  watrr  fmni 
the  wash-bottle,  where  it  is  dissolved  in  nitek  máá,  the  sni  nt  ion 
evaporated  to  drvness,  the  drv  mass  treated  with  sulphuric  acid 
(1:4)  and  a-  iporutcd  OD  the  water-bath  as  far  as  possible 

to  remove  the  greater  part  of  the  nitric  aeid.  After  this,  withuut 
regard  to  tlie  sepamterl  su!phui%  the  niass  is  washed  with  as  little 

bet  as  poesible  bito  an  Krlcnniever  flask.  for  ovory  0.3-0,5  gin. 
of    copper  about  150-200  &.©,  of  sulphuric   acid  (1:4)  are  added, 

sud  the  separation  by  mana  of  hydrogen  sulphide  is  repeated 
exactly  as  above  described  The  pure  eopper  sulphide  that  is 
finally  obtained  is  dried  and  the  copper  determinea  as  euproua 
sulphide  as  described  on  p,  145,  or  it  is  dirninTrorl  m  aitrie  aeid 

and  the  solntion  electrolyzed  as  deacríbéd  on  p.   14N. 

Fbr  the  oadmium  determmatíon,  hydrogen  sulphide  is  passed 
into  the  eoid  filtráte,  the  precipitated  esdmiuro  sulphide  after 

bctng  washed  is  transferred  by  means  of  S  Qpatttk  to  a  porcelain 
dish,  hydrochloríc  acitl  (1:3)  is  poured  over  it,  the  dish  covered 
with  a  watch-glasfl  and  heated  on  the  water-batli  nutil  the  pn-cipi- 
tate  ifl  dissolved  and  nntil  the  hydrogen  sulphide  is  all  rxpelled. 
The  dish  is  now  placed  nnder  the  funnel  and  the  cadmium  sulphide 
whieh  reiuainod  upOD  the  fílter  is  dissolved  by  droppini;  hut  h\dro- 
chloric  and  (1:3)  upon  it,  finally  washing  the  filter  with  water, 
Tlie  contente  of  the  dish  are  evaporated  to  drynees,  the  drv  mass 
dissolved  ta  a  little  sulphuric  acid,  washed  into  a  wetghed  poroelftin 
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crucihle,  1  c,c,  of   oonoeatimied   nitric  aeid*  and   a   little    more 
Bulphuric  &ctd  addedj  after  which  the  oo&tenta  of  the  crucible  aro 

porated  as  far  as  pooaibk  upon  the  waier-bath,  the  exoeéfl  of 
Bulphurifl  arici  removed  byhe&tíog  m  wa  airdmth,  and  the  oadmuiia 
determined  ae  sulpha&e  fccoordiog  to  p«  181. 

The  above  Eoethod  was  tested  by  Oberer  ffi  the  autborVi  Inhora- 
tory  and  the  íollowing  results  obtahn   1 

Amount  Tnken. 

Founi  i. 

Diffcrence. 

inl  Fouztd  in 

IVr  <  Vni    ..í  ih« 

Tinunidfl  Vilue. 

L    Cu-0  3126  ^m.  ,...., 
Cd  -0  2504          ...... 

0  3130  pni. 

+  0.0004 
+  0.0002 

100  12 
100  OS 

2.   Cu- 0.3126    4     

Cd =0/2504    *' 

0.3125   " 
e  2501    " 

-0,0001 

-o  Dooa 

99  97 

99 

3.   Cu-0.3129    "     

Cd- o  2504    "     

0  3134    " 
<>  2  496    M 

+  O.0ÍMW 
-0 .0 

100.25 
99.08 

4.   Cu-0.3126    "     

Cd-0.6250   H     

0  3120     " 
0.6252    " 

-o  0006 
-0.0007 

99  81 
SIL  88 

5.    Cu  =  0  3142    "      

Cd- 0.6359     '     ...... 

0.3157    " 

0.6248    " 

+  0.0015 
-0.001] 

100.50 
99,82 

6.  Cn- 0.3 142   "    

0.6259    '*     , 

0.3150    u 

0,6210    - 

+0.0008 
-0.0019 

100.25 
91)  69 

\fefkod  of  Rivot-Roěč. 

The  copfxT  is  precipitated  as  Bulphoeyanidfi  Meording  to  p. 
147,  and  írom  the  filtráte  the  eadmiinn  is  preripitated  as  sulphide 
by  d                bydrogeo  Bulphidf  and  determined  as  sulphate  ac- 
curding  to  p.  151.    The  reeulta  are  good 

3.  Mtthod  oj  F<               nd  Ilttifihu. 

i  Ihi"  r.  tawiun]  Cy&nide  Method.) 

The  neutral  BolutioQ  containing  salta  of  both  metals  is  treavdd 
with  polassium  cvanide  until   the  preciphate  that  kfl  first  formed 
reďusdoIveOj  after  wbich  more  potaaaiu&i  cvanide  is  added  (aboot 

are  not  dcstruvcd  tliey  will  cause  a  partial  reductioa  of  the  cudmium  sul- 
phate. 

SEPARATION  OF  COPPER  FROM   CAÚMIUM. 


163 


throe  times  M  much  as  was  necessary  for  the  preeipitation  and 
solution  of  th*1  prceipitato)  unrl   either   ammoniuiu    or    hydrogen 

phide  is  addad  to  Úia  odd  Bolutioxu  The  cadmium  is  pre* 
cipitated  as  the  yellow  sulphide,  while  the  eopper  reinains  in 
Bolutíon.* 

The  cadmium  sulphide  thus  prccipitated  shows  a  great  tenderny 
of  pussing  through  the  filter-paper  even  when  a  "hardened"  filter 
is  uscd,  síi  tlui!  it  is  Éísalted  OUt,,J     A  considerable  EUDOtmt  of  pure, 

i  potassium  chloride  is  stirred  into  the  solution,  the  precipii 
is  allowed  to  stand  overnight,  and  in  the  morning  it  is  filtered 
througfa  a  BcllleicheT  &  Sohúll  "hardened  filter/'  Tíie  precipi- 
tate  fa  náhod  hrst  by  deeantation  with  cozLcentarated  potoasium 
chloride  solution,  it  is  then  transforred  to  the  filter  and  washed 
Wlth  the  BAillfi  snlutioti.  For  the  eadniiurn  determination  this 
přeci pitate  eannot  be  ušed  on  account  of  the  potussium  chlorů  le 
which  adheres  to  it,  and  it  is  not  adv&abto  to  wash  the  salt  out 
uitli  wao  r,  for  in  this  čase  a  turbid  filtráte  will  be  obtained.  It  is, 
then  řon\  dissnlved  in  hot  hydrochloric  acid  {1:3}  froin  a  wash- 
bottle,  the  solution  is  evaporatod  to  dryness,  the  residue  dissolved 
in   water,  filtered   if  necessary  from  separated  sulphur,  and  for 

v  100  c.e.  of  the  solution  5-7  c.e.  of  concentrated  sulphuric 
acid  are  added,  and  the  cadmium  is  precipitated  by  passing  hydro- 
gen sulphide  into  the  cold  solution.  This  tirne  the  eadniiurn 
sulphide  is  easily  filtered.  The  cadmium  is  detenuincd  as  sulphate 
ftooording  to  p.  151. 

The  filtráte  is  evaporated  with  nitric  aeid  nníil  the  odor  of 
hydroeyanic  aciil  can  no  longer  bedetected,  and  the  copper  is  most 
conveniently  determined  according  to  p.  145  as  cuprous  sulphide. 

Rmark — The  resulta  obtained  by  this  method  are  good,  but 
considerable  tinie  and  patience  are  required. 


•  The  eopper,  hmvever,  renyuiu  entiroly  in  solution  only  when  more  than 

enough  potassium  cyanitto  is  ptratent  tlum  is  required  to  fonn  the  eompftes  salt 

]\  <    1  r\  If  the  pure  potassium  cuproeyamde  is  dissolved  in  eonsider- 

able  water  and  hydrogen  sulphide  passed  into  the  solution,  then?  is  a  partial 

the  more  dlhite  the  solution,  the  more  the  precipi- 

on.     By  the  aď  m  excese  of  potassium  eyanide,  the  preeipitatioti 

is  prevented.  A  cukl,  conceatrated  aohttion  of  the  above  salt  ia  oot  precipi- 
tated by  hydrogen  sulphide  (v.  Giraewald,  Zurieh,  1902) 
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B.  DIVIS10N  OF  THE  ŠULFHO-ACIDS. 

Arsenic,  Antimony,  Tin. 

(SELEXIUM,  TELLURIUM,   OOLD,   PLATINUM,  TUNGSTEN, 
MOLYBDENŮM,  VAKADÍtlIt) 

Arsenic,  As.    At.  Wt  75. 
Forms;  As^,  As,S5f  Mg,As,07. 

i.  Detennination  as  Arsenic  Trisulphide,  ASjS3. 

For  the  detennination  <>f  arsenic  in  this  f«>rm,  it  must  be  present 
in  ttfl  tiivahnt  itate,  Le.4  M  arscnious  acid  oř  as  arBettitoi 

The  solution  is  madc  strunily  acid  with  hydrocliloric  ackl  and 
the  arsenic  prw -ipitated  in  the  oold  with  hydrogen  sulphide.  The 
excess  of  the  latter  is  rcrnovcd  by  passing  a  sfream  of  carbnn 
dioxide  through  the  snhnion,  which  is  then  filtered  t-hrough  a 
Gooch  crucible  that  has  been  previously  dried  at  105°  C*  The 
precipitale  is  washed  with  hol  watcr,  dried  at  105°  C.  to  constant 
weíght,  and  weighrd  as  ;\ 

2.  Determktation  as  Arsenic  Pentasulphide,  ASjS&)  according  to 

Bunsen** 
Modified  by  Fr,  Néher.f 

The  solution,  which  must  contain  all  of  the  arsenic  as  arsenic 
acid,  is  treated  with  hydrothloric  acid  little  by  little  (it  is  besl  to 
keep  the  solution  cooled  by  surrounding  the  flask  with  ice)  uniíl 
Ihe  solution  contains  at  I  ast  two  parta  of  conccntrated  hydro- 
dhloric  acid  foř  each  part  of  water.  A  verv  rapid  Btreara  of  hydro* 
gen  lulphide  is  eonducted  í  1 1 1 * >  thia  solution  (oostained  in  a  Ui 
Erlenmeyer  flask)  until  it  Ls  saturatcd  with  tfae  p  which 

+  Ann.  d.  Ch.-ru.  un.l  PJmnn.,  192,  305. 

fZeit.  f.  aiKil.  Cfoem.,  n  ito  Bnmoer  and  Tomicek,  Mo 

hefte,  8t  607;  McC&y.  Zeit.  f.  anal.  CheBL,  W,  0*2,  tind  J.  Thiele,  Ac 
Cheru,  u.  Pharm,.  2tw,  65. 
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the  flask  is  stoppered  and  allowed  to  stand  two  hours.     The  arseníc 

lasulphide  Ls  then  filtered  thrOUgh  a  Gooch  crucible  which  has 
been  dried  at  105°  C\,  and  the  precipitate  is  washcd  oompletely 
with  water,  then  with  hot  ftleohd  (to  hasteo  tlie  BubeequenJ  dry* 

Aftor  drying  at  105°  C.  the  precipitate  is  weighed  :i 
It  is  bot  DM  A  it  with  carbon  bisulphide. 

Remarkt-^Sí  the  above  direetkxnfi  are  oofiBcientiously  foUowed, 
this  tnethod  gives  faultless  results.  If,  on  the  other  hand»  the 
direriions  are  deviated  from  ID  the  dightesl  n  <\n >t%  the  precipitate 
is  likely  to  contain  some  arsenic  t  risulphícle,  whereby  low  resuhs 
will  be  obtained.  If  the  solution  Ls  not  kept  coul  and  the  hydro- 
chloric  acid  is  added  too  rapidly,  the  lieat  oí  the  reaction  BUffL 
1o  change  a  part  of  the  arsenic  chloride  {this  eompnund  probably 

is  in  solution)  to  arsrnious  chloride  and  chlorine,  so  that 
on  pnnmng  hydrogen  sulphide  into  tíh-  soltttioť)  h  mixture  of  arsenic 

■ilphide  and  arsenic  pentasulphidc  will  be  obtained. 

3.  Determioation  of  Arsenic  as  Magnesium  Pyroarsenate, 

according  to  Levol. 

The  solution,  which  must  contain  all  of  the  AtBemc  U  arsenate, 
treated  with  from  10-20  c*c.  of  double-normal  ammonium 
chloride  solution  for  each  50  &c.  of  solution,  after  which  20  c.c. 
of  "magnesia  mixture  "  *  are  added  drop  by  drop  with  constant 
stirring.  One-thinl  the  sol  u  t  ion 's  volume  of  strong  ammonia  is 
then  added,  and  the  mixture  allowed  to  stand  twelve  hours.  After 
this  time  it  is  filtered  tbrough  a  Gooch  crucible  and  wftftbed  with  21 
per  cent.  ammonia,  first  by  clecantation  and  Rnnlly,  after  the  precipi- 
tate is  in  the  crueible,  until  the  filtráte  do  longet  gives  the  test  for 
chlorides.  The  preripitate  ifl  dried  at  110°  C.  and  then  the  crucible 
is  placed  in  an  air-bath  (cf.  Fíg.  11,  p.  25),  having  the  bottom  of 
the  Gooch  crucible  eonie  within  about  2-3  Bitu,  of  the  bot  lotu  of 
the  ou ter  crucible.     A  small  crywtal  of  aimnoniiim  nitráte  f  is  added 

•  Prepared  by  dÍMoh  ing  55  pnu*.  CfystattUed  mairncsium  chloride  and 
70  gnis.  ammonium  chlorid*  w.Mter  and  dihiting  this  to  tx  volume 

of  ono  litrr  with  ammonia,  sp.  pr.  0.96* 

t  Instead  of  using  ammonium  nitráte,  th<<  crucible  may  be  proTHled  with 
a  perforated  cover  and  then  heated  in  a  eurretit  of  oxygen, 
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to  the  precipitate,  which  m  then  heated,  at  fest  gently,  gradually 
increasing  tibě  temper&ture  until  a  light-red  glow  on  the  outer 
eniciUc  ifi  obtained,  after  which  the  precipitate  is  allowed  to  eool 
Li  a  desiccator  and  is  weighed  a^  Mi:.  A%Oj.  The  results  obtained 
are  exceileni. 

Rrmark. — The  precipitate  produced  by  the  magnesia  niixiure 
has  the  formula  MgXH4AsOé  +  GHaO  a  ml  loses  5£  rnoleculcs  of  watrr 
at  102°  C\;  it  has,  thereíorc,  been  proposed  to  drv  the  prcripitiih- 
;it  thífl  temperature  and  to  comjmto  the  ainount  of  arsenic  present 
as  follows; 

[MgNH.AsO.-hiHjOJrAs^p^. 

It  is,  however,  impossible  to  obtain  a  constant  weight  at  this 
temperature,  so  that  the   proceduře  is   not   to  be   teoonuneife ! 
If  tiie  precipitate  is  dried  at  105-110°  C.  the  salt  is  obtained  almosi 

i  rely  free  from  water  and  at  a  sligfatly  higher  temperature  it 
bcixinH  to  tleconipose.  The  only  furm  in.  which  the  precipitate 
should  be  weighed  is  as  magnesium  pyroarsenate. 


Solubility  of  Magnesium  Ammonium    Arsenate,  according 

to  Levol. 

600  parta  of  water  dissolve  1  port  of  the  salt. 

In  2J  per  cent,  ammonia  it  is  almost  entirely  insoluble. 


Colorimetric  Determination  of  Arsenic. 


By  a  sni  table  appiication  of  the  Gutzeit  reaction  (ef.  Vol.  I, 
p.  197}  the  author  an<l  P.  I ~  nmment  háve  sueceedcd  in  working  out 
1  ruloriinetrie  niethod  for  the  ileteriŤiinat inu  of  arsniic  which  ju  r- 
míts  the  quantítatire  determinalion  in  a  short  time  anrl  at  any 
pláce  of  very  small  amounts  of  arsenic,  such  as  are  found  in  many 
minerál  wa  ters. 

Proceduře,— Trom  1-5  c.c.  of  the  water  to  be  teeted,  contain- 
ing  not  more  than  ló  mgiu.  aisenic  to  the  liter,  are  placed  in 
the   15  co.  tube   G   (Fig.   34)   and   a   strip    of    chemically    pure 
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zinc*    is  added.      The   funnel-lube    T,  fillcd    with    eoneentraUxI 

Bulphuric    aeid   nearly   up    to    the    circular    bend    of    the    inner 

capillary    tube,  is    then   oofUteCtod   with   {?. 

A  smail    glass    cylinder    y    ifl    tmng    upon 

(his  eapillary  tube,  as  shown  in  the  illitstra- 

tion,  B&d  upon  lbe  eylinder  is  placed  a  thin, 

even  wad  of  glass  WOOl  W.     A  pieOB  of  sil  ver- 
ste páper  (prepftred  m  deecribed  bdow)  b 

placed   upon   the    upper  rubber-covered  edge 

of  the  funiiel-tube  T  and  this  is  hehl  in  pláce 

b\    »he  weiiílit  *>í  a  le:ul  rin*r. f 

After  this  10  c.c.  of  sulptnirie  aeid  (1,5  c.c. 

conccntrated   sulphuric   aeid   aiul   $.5  c.c.   of 

watcr)  are  added  at  onc  thne  through  the  side- 

am*   of   the    test-tube   by    nuans   of   a   long- 

stemmed    Funnel   whose  lower  end   is  repre- 

sented  in  the  drawing.    Asteady  gMevolutinn 

at  once  ensues.     li  only  1/100  nigm.  of  As/>3  is 
iont,  the  silver-tiiirate  páper  will  be  eoiored 

a  distinct  ydlow  at  the  end  of  a  few  ruinutes; 

after  twenty  tninutes  the  reaetion  will  be  OOm- 

plete.    The  aSver-nitrate  páper  is  imniediatdy  pfeoed  In  ■  dcsic- 

catorandleft  therefnr  the  tinie  being,     The  ehniiphetween  the  BJ 
nrmnnd  thefímnel  end  ifl  QffW  upened,  the tube  T  n reinoved  blit  not 
elenned  (it  can  be  ušed  repeatedlv  fot  any  number  of  determiti:i- 

lious),  the  tast-tube  ia  eleaned  and  the  experimeiii  repeated,  using 
differenl  aroenk  Bohittane  eoptahring  known  amounta  of  arseoio. 

In  this  way  B  number  ««f  dfckfl  of  silvrr-nitratc  páper  aiv  obfc  fa 
of  varying  shades  and  1  til  allowed  to  rcrnain  in  the  desic- 

caior,which  is  placed  in  the  dark  f* »r  one  to  two  days.     By  com- 
paring  the  slmde  ohpiined  from  the  sohition  that  was  anal 
with  those  proilueed  by  knnwn  amountfl  of  arsenic,  the  amount  of 
arsenic  present  is  tasily  detennined. 

rlie  standard,  a  solution  ia  ušed  whieh  contains  20  mgin,  of 


Fig.  31. 


•  The  zinc  ftripa  are  preparaci  by  rolling  together  zinc  that  has  been 

a  to  150°  C,  and  bamroered  out. 
•f  L-lamps,  as  shown  in  the  figuře,  are  useful  but  not  absolutely  neceesaiy. 
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arsenie  trioxide  dissolved  in  a  liter,  and  for  the  preparatioti  of  the 


0.05  c.c.  =  0.001  mgm,  As303 
OJI)    "  =0.002       í4 
0.15    "  =0.003      " 


a 


1.00    "  =0.02 


Com- 


The  results  obtained  by  this  method  are  satisfactory, 
ment  found: 

I.  II.  IIL 

Calculated .,  .14.08        28 J        52. 1 S  mgm .  AsjO,  per  liter 
Determined..l5.0  27.5        50.        "  "       *     " 


For  the  determination  of  the  arsenic  in  a  minerál  water,  usually 
100  c.c.  are  sufficient.  This  amount  is  evaporated  in  a  porce- 
lain  dish  to  as  small  a  volume  as  possible  and  neutralized  wiih 
sulphuric  acid.  The  solution  thus  obtained  is  carefully  washed  into 
the  teať-tube  of  tln-  apparatus  and  the  ahove  pr00688  earried  out. 

For  the  prepanttion  of  the  silver-nitrate  disks  a  eoldp  concen- 
trated sólu tioiiuí  potaňaJum cblorate is saturated vith  sllver  nitra tr ; 
fche  piecea  <»f  ptue  filter-paper  are  dipped  into  thia  solution  and  then 
dried  in  a  vacuum  over  calcium  chloride.  The  dried  páper  is  once 
more  dipped  in  the  silver-nitrate  bath  and  again  dried.  When 
prepared  in  this  way  1 1  m -  diskfl  can  be  kepí  in  the  dark  for  an  unlim- 
ited  lemjth  of  Ume. 

Jf  the  pntasshuH  chlorate  ifl  not  added  to  the  silver-nitrate 
snlution,  it  is  impossible  to  oblain  pum  white  disks;  they  are 
enlored  grayish  violet  and  thr  sharpnesa  of  thr  reactios  is  dirnin- 
ififaed  to  a  considerahlr  extent. 


Antimony,  sb.     At.  Wt  J20. 
Fonns:  Sb2S3>  Sb^04t  and  Sb. 

i.  Determination  as  Trisulphide,  Sb2S3. 

llydrogen  sulphide  is  passed  for  twenty  minu  tes  into  the  cold 
solution  of  an  antimonite  <>r  antimonate,  tlím,  witlmut  stopping 
the  current  of  hydrogen  sulphide,  the  solution  is  heated  to  boiling 
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and  the  gas  passed  through  it  for  fiftecn  miuntes  more,  after  which 
the  now  precipitftte  is   filtered   through  a   Gooch  crucible, 

and  washed  with  50  to  78  C*C  of  hot,  very  dilute  acetic  acid  into 
which  hydrogen  Blllphide  has  been  passed.  The  dried  precipitate 
i-  heated  gradually  w  a  PanTs*  drying-oven  (cf.  Fig.  19,  p.  31)  to 
230°  C,  meanwhile  passing  a  streani  of  drv  carbon  dioxidef 
thmugh  the  apparatus,  The  sulphur  contaminating  the  pre- 
npitate  is  volatilized  by  this  treatment  and  collects  upon  the 
wateh-glass  over  the  glass  pipe  (Fig.  19).  The  antimony  penta- 
SUlphide  přesnít  is  also  decomposed  into  graphite-colored  antimony 
trisulphide  and  sulphur.  As  soon  as  all  the  sulphur  is  removed  the 
crucible  is  allmved  to  cool  and  is  weighed. 

Remarh. — By  long-continued  heating  a  small  amount  of  anti- 
mony trisulphkic  is  volat ilized ;  it  shuiild  nevěr  be  heated  more  than 
half  an  hour  at  one  time.  The  operation  is  complete  whcn  tw> 
successive  wesghinga  do  not  difTer  from  one  another  by  more  than 
i  mgtn.  With  regard  to  the  precipitation  of  the  antimony  sulphide 
it  is  important  that  the  above  dírections  sbould  be  folio wed.  If 
the  antimony  is  precipitated  from  cold  solutions  it  is  likely  to  pass 
through  the  niter  on  washing.  If  the  hydrogen  sulphide  is  passed 
at  once  i  tito  a  boiling  solution,  a  large  amount  of  the  precipitate 
adheres  so  firmly  to  the  glass  siilcs  of  the  heaker  that  it  cannot  be 
reinuved  by  rubbing  with  a  rubber-covered  stirring-rod, 

2.  Determination  as  Tetroride,  SkO^  (Bunsen). 

This  methotl  was  fint  propoeed  by  Bunsen 4  but  láteř  given  up 
because  he  believed  it  to  be  inaccurate.§  The  experimente  of 
Brunck  li  and  Ríissing,^"  however,  háve  shown  that  the  metlmd 
when  carried  out  eorrectly  yielda  reliabfa  reralta.  In  the  majority 
of  esees  it  is  deáired  to  determine  the  amount  of  antimony  present 

♦Zeit.  f.  anal  Chorn,,  XXXI,  510. 

t  lf  ttie  precipitate  13  contamimvted  with  considcrable  sulphur  it  is  ad- 

tblfl  to  rcraove  it  at  once.  F*w  tlua  purpose  the  precipitate  is  washed 
three  ttmeš  with  alcohol,  then  with  11  nuxture  of  equal  parts  carbon  bisul* 
phide  and  alcohol,  then  twice  with  carbon  bisulplúde,  and  finally  with  alcohoL 

|  Arin.  <L  Cli.  u.  Phann.,  100,  3, 

ilbu!.,  UĚt  :ti6. 

II  Zeit.  fur  anal.  Cbein.,  XXXIV,  171. 

%  lbid.t  XLI,  9. 
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m  a  mixture  of  its  tri-  and  pr  ntasulphidcs,  oř  in  a  mix  ture  of  one  or 
the  other  of  the  two  eumpoimds  vvith  sulphur.  Aoeórdblg  Ur  Hus- 
ging  it  is  best  to  proceed  ie  fottofre:  Hne  snlphidc  oř  aniimony,  pré- 
rii atate*!  from  a  hot  soku  ion,  is  washed  at  first  with  hot  water, 
then  with  aieohol,  afterwanls  with  a  mixture  of  aleohol  and  carhnn 
bisulphide  (in  order  to  remoVC  the  sulphur),*  again  with  aleohol, 
and  finally  with  ether,  afterwanls  drying  the  preoipitate  by  warni- 
i&g  slightly.  The  bulk  of  the  precipitate  is  separated  froni 
bbe  liber,  placed  upas  ■  mteb-gjbsB,  and  the  portion  remaining 
upon  the  filler-paper  is  dissolved  in  a  little  hol  únoilhrai  sul- 
phídc,  evapOTated  in  a  weighed  porce  lam  erucible  to  dryness,  and 
beftted  gentlyover  the  íree  Marné.  The  main  part  of  the  precipi- 
tate is  then  added,  the  erueihle  is  covered  with  a  watch-glass,  and 
fuming  nitrie  aeid  caiiUously  added.  After  the  first  violent 
actioo  is  over  the  crucible  is  heated  on  the  watt  r-bath  until  the  gas 
cvolution  hasentirely  r<  msí  rl,  the  watch-glass  is  then  removed,  and 
the  contents  of  the  crueible  evaporated  to  dryness.  This  op. 
tion  is  repeated  until  all  of  lbe  sulphur  is  oxidized.  The  sulphuric 
aeid  furrued  is  eventually  driven  ofí  by  careful  hcating  over  a  free 
fláme,  the  open  cnicible  is  placed  in  the  ojjening  of  an  inelirted  disk 
of  etabertOB bo&rd i  and  the  temperaturc  is  gradually  inereased  until 
finally  the  full  heat  of  the  Tedu  burner  is  obtamed,  The  precipi- 
tate suffers  DO  decompnsition  at  this  temperalure;  it  is  impnrtant, 
bowever,  to  také  care  that  none  of  the  reducing  gases  from  the  gas- 
rlanie  enter  the  crucible,  as  in  that  čase  there  will  be  an  immediate 
reduetton  to  the  volatile  trioxide  and  a  considerable  loss  can  b* 
occasioned. 

The  results  obtained  by  this  method  are  perfeetly  satisfactory 

3.  Determination  of  Antimony  as  Metal, 

Antimony  niay  be  deposited  from  acid  sohitioíis  by  means  of 
the  electric  current ■;  the  motal,  howevcr,  does  not  adhere  well  to 
the  electrode,  so  that  this  method  cannot  be  ušed  for  its  quantita- 
tive    determination.      Parrodi    and    Mas-  and    aíterwards 

Classen  and  bifl  studeníš,  háve,  notwHhstanding,    sueeeedcd    in 


*  Thicle.  Ann.  d.  Chern.  uad  Pharm,,  2W,  372, 
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ascertaining  imder  what  conditions  antimony  can  be  satisfactorily 

depootted, 

If  a  solution  of  sodium  oř  ammonium  sulphoantimonite  oř 
antimonate  is  subjeclcd  to  electroiysis  with  a  current  of  0.2-1 
ampere,  the  antimony  wfll  be  depoaited  upon  the  cathodfi  si  sUvl- 
graVt  metallic  antimony,  and  the  depo  mí  ftdfr&res  so  firmly  that  it 
be  dried  and  weighed  without  loss.  The  ehicf  čoudit  ion  for 
the  success  of  this  operát  ion  is  the  absence  of  polysulphkles,  In 
čase  these  suhstances  are  present  the  antimony  is  ineompfel 
depoehed  and  in  *u\nv  eaaes  oot  at  alb 

Proceduře. — The  preeipitate   of    antimony    sulphide    obtained 

in  the  xisual  rourse  of  analysis,  and  whieh  is  usuallv  contamiiiated 

Btiiphttr  to  a  considerable-  cxtent,  KB  dLssolved  in  as  little  as 

possible  of  a  eoncentrated  BOlution  of  sodium  sulphide;*  75  c.c-  <>f 

a  freshly  prepared  20  per  cent.  solution  of  sodium  sulphite,  (Na380, 

1  í2í  >),f  are  added  and  the  solution  heated  until  completclv  decol- 
orized.  It  is  allowed  to  eool,  30-40  c.c.  more  of  sodium  sulphide 
solution  are  added,  the  mix  ture  is  diluted  to  a  volume  of  100  c.c. 
with  distilled  water  and  this  solution  m  electrolyzecl  in  the  cohl  in 
an  unpolished  platinumdish  with  a  rurrent  of  0,25-0,5  ampere.  If 
the  dectrolysis  is  start  ed  in  the  evening  it  will  usually  be  complete 

*  To  prepare  the  sodium  sulphide  solution,  the  follnwiiig  proceduře  is 
-ary:  Sodium  hydroxide  (punficd  by  nlcohol)  is  disso1v<*d  in  water 
until  a  solutiím  is  obtained  OJ  L36  mjktííic  gravitv.  This  solution  is  placed 
in  a  íla^k  nit  li  u  loti^  neck  of  Meh  ■  si  ze  that  tlie  ■olutiou  reaches  the 
lomr  part  uf  thr  neck  nud  M  rapid  stream  of  foydrogen  sulphide  is  passed 
the  solution,  keeping  It  out  of  rnntact  with  the  air  as  much  as  possible, 
Oflhlg  a  dnuhlc-bwv.  opper.     Wheii  thcre  is  no  further  mcrcase  in  the 

volume  of  the  solutimi,  the   ckw  ycllow  liqoid  is  filtored  quicklv  (to  ftOU 

mlphídfl  of  Fc\  Kl,  Ag,  ete.)  inío  a  platinuni  nr  thin  poreelain  tlishř  and 
is  cvapnruteil  until  a  film  of  rrystals  begins  to  form,  when  the  hot  solution 
is  poured  into  a  30-c.c,  glnss-sinppind  bottfe.  Thfl  bot&fc  is  stoppered  and 
then  scaled  with  parafTin.  On  cooling  long  crystals  of  Nft^B  +  9H/)  sepa- 
mO*  out.  When  prupured  in  this  way  the  solution  can  be  kept  íiuicfinitely 
úi  the  air-tight  bot  tle. 

tThe  sodium  sulphite  serveš  to  change  any  polysulphide  present  into 
moaovulphide; 

M  :iA  +  4Na£01-  4X0,8,0, + Na^S. 

I-ecrenier  auggested  this  proceduře;    hydrogen   peroxide   abo   acoomplíshea 
the  samé  end. 
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tho  next  morning.  The  deposited  metal  is  washed,  without  break- 
ing  the  circuit,  as  described  in  the  copper  dctermination,  with  water 
and  Rnally  with  absolute  alcohol  and  ether,  after  which  it  is  dried 
and  weighed.  The  anodě  will  always  be  colored  slightly  yellow 
with  a  lit  tle  deposited  Bulphur.  If  the  solution  contained  an  insuf- 
ficient  qnantity  of  sodium  sulphíde  the  anodě  will  show  a  film  of 
orange  antimony  sulphide.  In  this  čase  a  few  cubic  centimeters 
more  of  sodium  sulphidc  solution  should  be  added  (which  is  usually 
si  f  ficient  to  dissolve  it), 

If  a  hot  solution  is  electrolyzed  (at  70-80°  C.)  and  a  current  of 
from  1-1.5  amperes  is  ušed  with  an  electroinotive  force  of  2.5-3.2 
volte,  0,35  gm,  of  antimony  will  be  deposited  in  one  and  one-half 
hours. 

Remark. — F.  Henz  *  has  recently  shown  that  instead  of  adding 
sodium  sulphite  to  the  bath,  potassium  cyanide  may  be  ušed. 
This  reagent  reduces  polysulphides  with  ease  to  monosulphides : 

KCN+Na3S3=KCNS+NaaS. 

Potassium  cyanide  has  the  advantage  that  I  gm,  will  do  as 
much  work  as  4  gms.  of  sodium  sulphite,  and  it  is  much  more  solu- 
Mc  One  oř  two  grams  of  the  cyanide  added  to  the  bath  are  suf- 
firient  to  keep  it  colorless  during  the  electrolysis  of  0.1  gm.  of  anti- 
mony. 

For  cleaning  the  electrodes  from  deposited  antimony  Henz 
recomnieuds  the  use  of  nitric  acid  saturated  with  tartaric  acid. 


Tm,  Sn.     At  Wt.  118.5. 
Forms:   SnO^  So. 
I.  Determination  as  Tin  Dioxide,  S0O3. 

Two  cases  are  to  be  dlst  inguished : 

(a)  The  Tin  is  Present  as  Metal  (in  an  AUoy), 

(b)  The  Tin  is  Přesetá  in  Solution. 

(a)  The  Tin  is  Present  in  an  Alloy. 
In  čase  the  tin  is  present  in  an  alloy  it  may  be  treated  aceord* 

ing  to  the  metliod  of  Busse  t  as  follows : 


*  Itiaug.  Diasertation,  Zurich,  1903. 


t  Zeit  f.  anal  Gheto.,  17,  S3. 
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About  0.5  gm.  of  the  allov,  in  the  form  oí  burings,  is  treated  in 
a  beaker  with  6  c.c.  of  nitric  acid  (sp.  gt\  L5)?  3  c.c.  of  waur  are 
slowlv  added  and  thc  beaker  is  then  quickly  cnvered  with  a  watch- 
glass.  As  thc  water  is  mixed  with  the  acid  a  violent  reatiion  takés 
pláce,  W  hru  the  evohition  of  nitric  oxide  (brown  vapors  on  coming 
in  contact  with  the  air)  has  ceased,  the  soliition  b  hcated  tC  boiling 
and  diluted  with  50  c.c.  of  boiling  water;  the  prreipitate  i*  allownl 
jo  rtHr  <niii|tlotclyt  then  hltered,  washed.anddried.  After burning 
the  niter,  moistening  th<-  ash  with  nitric  acid  and  drying  on  the 
water-bath.  the  preripitat<  W  limited,  at  first  gently  and  finally 
strongly,  over  the  Teclu  burner  oř  blast-lainp.  It  is  weighed  as 
SnGj. 

The  tin  dioxide  thus  obtained  is  nevěr  pure;  it  ahvays  contains 

small   amounts  of  uther  oxidrs  :md  must   be  purified  as  fóDowi: 

After  weighing,  the  precipitate  is  mixed  with  six  timesas  much  of  a 

iitr  eODBJfiting  of  equal  parts  ealcined  sodium  carbonate  and 

pure  sulphur,  and  t his  mixlurr  is  heuted  in  a  covmd  crueiluV  over 

i  -mail  fláme un ti]  the  excese  of  gulphur  is  úbhqěA  entirdyremovod. 

This  point  is  easily  recognizrd  by  there  being  no  longer  any  odor 
of  S<>.  um]  no  blue  fláme  "í  burntQg  sulphur  evident  between  the 
rnv»  r  and  the  eru  cihle.  After  eooling  the  melt  is  treated  with  a 
litth'  hot  water;  whereby  the  tin  gD6l  into  solution  *  as  sodium 
sulphostannate  (cf,  Noh  I,  p,  222  together  with  Kuně  oopper  and 
nn.  The  dcep-brnwTi  liquid,  therefore,  is  treatrd  wifli  sodium 
sulphite  f  solution  until  it  becomeQ  i  idy  alightly  yellnw  in  color,  after 
which  any  iron  oř  oopper,  ett\,  will  hů  quantitatively  prerfpitrtad 

ulphides.  The  latter  are  tillered  oíT  and  washed,  first  with  water 
to  whieh  a  little  sodium  sulphide  has  been  added  and  finally  with 
hydrogen  sulphide  water.  As  a  rule  khe  amount  of  íttftohiMfl  sul- 
phide formed  by  this  treatment  is  so  sinali  that  after  drying  it  can 

ignhed  in  the  air  and  chraged  to  oxide  withoui  tntroduoing  any 
appreeiable  error.     If  this  weight  is  suhi  metod  from  the  originál 


in.  iitlv  m  single  fufltoo  with  sodium  rarbonate  and  sulphur  is  insuf- 
i;   tliis  is  recognizrd  by  obtaining  a  sandy  residue  insoluble  in  wat**r. 
In  thia  čase  the  residue  in  řihend,  washed,  dried,  and  the  fusion  repeated 
uulil  all  the  lin  is  brnught  into  Hihifion. 

t  The  sodium  Bolphi  -  the  fwxiiuin  polysulphíde  to  monosu]phider 

in  wliich  coppcr  and  iron  sulpliídes  are  insoluble. 
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arnoiint  of  impure  stannic  oxide,  the  weight  of  pure  stannic  oxide 
will  be  obtained.  If,  howevrr,  the  amount  of  iiupurity  prese  nt 
WÍth  the  ivsiduo  of  metastanuic  iu-id  should  be  large,  the  different 
metals  mast  be  separated  according  to  otie  t>f  the  methods  for  the 
separation  of  the  sulpho-bases  and  the  weight  of  eaeh  oxide  dete.r- 
mined  separately  and  the  sum  of  their  weights  suhtracted  from  the 
originál  weight.  of  the  tin  dioxide.  Instead  of  detennining  the 
amount  of  impurity  prosen t  with  the  tin  dioxide,  the  filtráte  from 
the  insoluble  sulphides  caři  be  aeidified  with  acetic  acid  and  the  tin 
precipitated  as  yellow  staňme  sulphide,  whieh,  after  it  has  com- 
pletcly  settled,  is  filtered  off  and  changed  by  careful  ignition  into 
tin  dioxide,  as  described  trn  p,  175,  and  weighed  as  such. 

(h)  Tin  w  Present  in  Solutitni. 
(a)  The  Solution  CotUirim  Tin  only. 

If  the  solution  contains  tin  in  the  form  of  stannic  salt  (chloride 
oř  bromide),  a  few  drops  of  methyl  orange  are  added  and  then 
ammonia  solution  nutil  the  pink  color  of  the  indicator  is  chaqged 
to  yellow.  Ammonium  nitráte  (obtained  by  the  neutralization  of 
20  c.c.  of  concentrated  ammonia  with  nitrie  acid)  is  added  and  the 
M>lution  is  diluted  to  a  volume  of  300  < \.t .,  heated  to  boiling,  filtered 
after  the  precipitate  has  settled,  washed  with  hot  water  containing 
ammonium  nitráte  *  driedj  ignited  in  a  porcelain  crucible,  and 
weighed  u  Šn02. 

!u  ftiark. — If  the  solution  eontains  non-volatile  organic  aeids, 
this  met  hod  cannot  be  ušed  for  the  detennination  of  tin.  In  this 
čase  the  tin  must  be  Hrst  precipitated  as  sulphide  by  means  of 
hydrogen  sulphide  (of.  p.  175).  If  the  lín  is  not  in  solution  as 
stannic  salt.  but  as  stannous  salt,  the  solution  must  be  hrst  oxidized 
by  the  addition  of  bromine  water  until  a  permanent  yeBow  eolor  ia 
obtained,  after  which  the  sohition  is  ncutralized  with  ammonia  and 
treated  as  abow  doseribed. 

According  to  J.  Lowenthal,  tin  may  be  precipitated  from  shghtly 
acid  stannie  chloride  or  bromide  solutions  in  the  presence  of  ammo- 
nium nitráte.     Methyl  oi  led  to  the  solution  and  then 

*  The  ammonium  nitrute  preveiits  the  formation  of  iolubk,  aiiituphous 
etan  nic  at-ld ;  ít  "sults  out"  the  precipitate  (cf.  Vol.  I,  p-  71), 
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ammonia  until  a  yellow  solution  is  obtained ;  *  diiute  nitric  acid  is 
DOW  ftddedj  drop  by  drop,  until  the  solution  just  becomcs  pink  ag;dn, 
more  nnzooniutn  nitráte  Bolutiou  is  added(20o.c  of  eonoentr&ted 
aminonia  exactly  nrutralized  with  niiric  acid),  the  solution  is 
diluted  to  300  e.c,  boiled  forsome  time,  filtered,  washed  with  water 
containing  aiumoiiimu  nitráte,  dried,  ignited,  and  weighed  as  Sni),. 
This  methud  is  employed  when  the  solution  contains  sinali  amounts 
of  alkaline  earths;  they  reraaúi  in  solution.  Sodium  sulphate  ran 
be  ušed  instead  of  amnioniuiu  niiratr  to  "salt  OřUl  "  tho  tin  precipi- 
tate,  but  although  the  tin  will  be  quantitatively  precipituted,  ftxma 
mdJUEQ  sulphate  will  be  also  thrown  down,  so  that  high  results  will 
be  obtained. 

(/9)  The  Solution  Contains tbeside8  Tinv  Metals  of  the  Pnnfhmj 
Groups  or  Organic  Substance*, 

In  this  čase,  independent  of  whether  the  tin  is  present  in  the 
form  of  stannic  oř  stannous  salts,  hvdrogen  sulphide  is  conducted 
into  the  diiute  solution  until  it  is  saturated  with  the  gas;  the  solu- 
tinu  is  allowed  to  stand  until  the  odor  of  hvdrogen  sulphide  has 
ahiiost  dbappeftred  and  then  filtcrcd.  The  preeipitate  is  washed 
with  a  solution  of  ainnioniuni  nitráte  (or  ammonium  acetate), 
dried,  transferrcd  as  cornpletely  as  poOBÍUe  to  a  porcelain  crucible, 
and  the  ash  of  the  filter  added.     The  tiu  sulphide  is  at  ftrst  gently 

Led  in  a  covered  crucible  to  :ivoi< !  lnss  by  i  lecrepitation,  and  after- 
wards  in  an  open  crucible  until  the  odor  of  sulphur  dioxide  is  no 
longrr  ptreepúble.  The  temper&ture  now  is  raised  graduallv  until 
finál ly  the  full  heat  of  a  good  Tedu  burner  is  obtained  or  the  cruci- 
ble is  heated  over  the  blast-lamp.  As  tin  dioxide  holds  EM  to 
some  sulphurir  acitl  with  great  tenaeity,  after  eooling  the  enii 

,»«what  apiecpof  ainmoniuin  carbonatethc  me  of  i  peů  isadded, 
the  omoiUe  eovered  and  again  heated,  after  nitích  it  is  wejgbed 

>2.     The  heat  i  ug  with  tlie  addition  of  aniinonhuri  car bona ť 
repeated  until  a  constant  weight  is  obtained. 


*  Tlie  exeess  of  acíd  catmot  be  removed  by  evaporation  on  account  of  the 
volaldity  of  stannic  chloride. 
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2.  Determination  of  Tin  as  Metal, 

Like  antimony,  ťm  ran  be  deposited  ehctrolytically  from  a  solu- 
tion  of  ammcmum  siiipiostannate,  bul  od  the  otherhand  tt  ta  not 
depOfiHed  from  a  solution  of  Bodhum  Bulphost&Bnttte,  d  the  solution 
contains  a  large  exeess  of  sodiuin  sulphide  and  &  weak  current  is 
L  This  property  is  made  use  of  19  the  elonrolytic  wqpmtáúti 
of  antimony  from  tin.* 

In  the  course  of  analys  it  is  usually  a  question  of  deterzníning  the 
ampunt  of  tin  prese nt  in  a  precipitale  of  sulphide  of  tin  (SnS,  SnS.Jf 
or  a  mixture  of  both  produoed  by  the  action  of  hydrogen  sulphide), 
OT  in  a  solution  of  sodium  sulphostannate  (obtained  by  the  fusion 
of  tin  dioxide  with  sodium  earbnnate  and  sulphur).  If  the  tin  is 
present  as  sulphide  it  is  dissolved  in  ammoaiuni  Bulphide  (obtained 
by  saturating  animonia  with  hydrogen  sulphide)  to  which  a  little 
sulphur  has  been  added  i  11  Ofder  to  dissolve  any  SnS  present.  After 
this  70  CO,  of  a  20  per  rent.  solution  of  sodium  sulphide  are  added 
and  5  c.c.  more  of  amrnoniuui  sulphide,  the  solution  is  diluted  to 
150  c.c.  and  electrolyzed  cold  with  a  current  of  0.5-0.7  ani  pere. 
Six  or  seven  hours  sídlíce  to  deposit  0.2  gni.  tin.  If  the  solution 
is  kept  at  a  tempera  ture  of  from  50-60°  C.  and  electrolyzed 
with  a  current  of  from  1-2  amperes  and  an  electromotivr  foffOO 
of  from  3.5-4  volt>,  the  samé  amount  of  tin  will  be  deposited  in 
hour. 

Rcmark. — When  more  than  0.2  gm.of  tin  is  present  in  the  solu- 
tion, tne  metal  is  Ukely  to  rleposii  in  a  BpOQgy  conditioii,  particularly 
when  too  strong  a  current  is  ušed  at  the  start.  Consequently.  care 
shuuld  be  taken  that  the  solution  does  not  contain  more  than 
this  amount,  and  a  CURenl  of  not  more  than  0.5  ampere  should 
be  UBed  at  fiwfc.  The  tin  then  will  be  obtained  usually  in  the 
form  of  a  bright  deposit;  sometimes  it  will  be  soinewhat  spol 
but,  oeverthelees,  it  will  adhere  strongly  e&ough  to  the  electrode 
60  that  it  ran  lio  washed  and  weighed  without  loss. 

The  presence  of  polysulphides  is  said  to  cause  no  hann 
tlir  oontrary  it  has  been  recommended.    From  experimente  per- 


lí. Neumann,  Theorfc  und  Praxis  d,  an&lyt.  Electrolyse  der  Metalle. 
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formed  in  the  authoťs  Iftboratory,  howevcT,  it  can  be  saí«l  that 
the   separation    without    polysulphides    takés    pláce    verv    Bl 
factorily. 

Beautiful  deposits  of  tin  were  obtained  by  Engeťs  *  met  hod 
of  elretmlyzing  stannous  chloride  from  warm  solutions  ooatain- 
ing  hydroxylainine,  tartaric  acid,  and  ammoniurn  acetate;  it  is 
verv  difficujt,  however,  to  remove  the  last  traces  of  tin  by  this 
method. 

Separation  of  Arsenic,  Antimony,  and  Tin  from  the  Members  of 
the  Ammoniurn  Sulphide  Group. 

The  separation  is  cffcctc<l   by   passing  hydrogen  sulphide  intn 

ftcid  súlution  of  tibě  above  metala  whereby  arsniie.  antimony, 

and  tin  are  precipitated  as  sulphides,  whifa  the  ramuning  metala 

remain  in  sólu t ion. 

From   an  alloy,  oř  the  solid  sulpho-salts  of  the  above  metale, 
nic,  antimony,  and  tin  may  be  rvadily   volat  ilized  by    hi*atiug 

in  a  stream  of  chlorine;    the  chloride*  of   these  three  metak 

readily  volutile,   while    thoee   of   the   raSDAttrilIg    metala   are   only 

diílieultly  SO. 

Separation  of  Arseaic,  Antimony p  and  Tin  from  Mercury,  Lead, 
Copper,  Cadmhun,  and  Bismuth* 

If  the  metals  are  a  11  in  sob  it  ion,  they  are  precipitated  by  nieans 
of  hydrogen  sulphide  and  the  precipitated  Bulphídes  after  bcing 
fihered  and  washed  are  trcated  with  alkali  sulphide  solution. 
If  nufťurv  ia  present,  ammonium  sulphide  ahotild  be  ušed,  but 
in  the  absence  ní  t lií^  metal  colorless  sodium  sulpbid> 
better  (cf.  Vol  1,  p,  151). 

If  the  metala  of  this  group  are  in  the  forna  of  an  alloy  (areenic 
arj<l  mercury  are  seldom  met  with  to  any  t \i< •m),  the  antimony 
and  tin  are  separated  from  the   remaiiUDg  metala   <>n    treal 
the   alluv    with   nitric  acid.     The   tin   ie  kafi   behind   pa   met** 
etannic  aeid.   insoluble    in  dilute   nitric  acid,   with  the  antiffl 


*  Neumann,  Theorie  und  Praxia  der  aii&lytiachei]  Eleotroryse  der  Metali* 
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as  nearly  insoluble  antimoníc  acicL  The  sinali  amount  of  tbo 
latter  (and  the  remftining  tnetals  of  this  group)  are  preripi- 
teted  by  hydrogen  Bulphide  and  separated  Frmn 
the  copper  group  by  means  of  alkaline  sulphide 
Bolutk>n. 

The  separaťmn   of   tin   front   the   remaining 

metals  of  the   group   can   be   illustrated   by   a 

\      practical  example* 


Analysis  of  Bronzes. 

A  bronze  is  an  alloy  of  tin  and  copper  m 

Ug    proportions.      It   almost    always    con- 

tains    besides  these  metals    more   or  iess  Igftd, 

aluminium,    iron,  manganese,    zinc,    and    phos- 

phurus. 

Proceduře. — Abotit  0.5-1  gin.  oř  the  alloy  in 
the  form  of  borings  *  is  placed  in  a  beaker, 
treated  with  6  c.c.  of  nitric  acid,  sp.  gr.  1.5,  and 
3  c.c.  of  water  are  added,  after  which  the 
beaker  is  immftrtmtely  oovesed  with  a  watoh* 
glass.  When  the  reaetion  hegins  to  diminish, 
the  liqviici  is  heated  to  bofóog,  until  no  more 
hrown  funies  are  evnlved,  úhrn  50  c.c.  of 
boiling  water  are  added;  the  prre.ipitate  {con- 
tainingall  the  tin,  the  phnsphoric  acid,  and  always 


Ftr.,  35. 


small  amounts  of  copper  oxide)   is  ftUowed  to  set  tle  cnmpletely, 


*  The  horings  are  usnuli  v  sr»t  neuhni  oily,  in  whieh  CAM  they  ■Hould  be 
washed  with  ether  that  has  been  distílled  over  potash,  driťd  a1  about  h)°č.( 
and  wetgbed  after  eooftng  ta  ■  deeiocator  The  tnahing  with  ether  is  beei 
eceomplisbed  in  n  SaxhWťi  fal-cAtraotion  apparatus,  aa  shown  ba  Fi£.  35. 
ii  Iheextraetion-ttihe.  whieh  Ls  lilled  with  ether  iictirly 
lip  to  the  bend  b  of  the  -siplimi-urm.     The  tuhé  is  thrn  eoTmeeied  with  the 

Aenaer  K.  After  this  from  20  to  30  c.c.  of  ether  are  added  to  the  flask 
and  this  is  heated  gentJy  on  the  water-balh.  Tlie  ether  r&porv  poss  throu^h 
1 1 m-  vríde  HÍdeaiui  to  the  eendenin  IC,  where  tlu-v  mm  condenaed  and  drop 
UpOO  the  boritigs.     As  eooo  BA  the  ether  in  the  t lilie  ed  the  heiptit 

i*,  it.  is  BÍphoced  back  into  the  fhisk.  vrhere  tďled.     AU  the  f&t 

wiU  Se  removed  fruin  (be  boríngl  in  írom  íialf  an  hour  to  au  hour. 
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is  filtered,  washed  with  hol  water,  dried.  ignited  in  a  porcelain 
erueihle,  and  weighedí     In  this  way  the  weight  of  the  SnOa  +  P2CVf 

etga  oxide  ie  obtained*  In  orást  ta  obtfiio  the  weighl  pí  fordgn 
Onde  (chiefly  eopper  oxide)  the  preeipitate  is  fused  with  a  mix- 
ture  oí  Bodiutn  earbooate  and  sulphur  as  described  od  p.  173. 
The  ralphklee  remannng  after  ihe  Bdutkxn  oi  the  melt  is  bot 
water  are  filtered  oíTt  converted  into  uxides  by  ignition  in  the 
air.  and  weighed.  By  subtracting  t his  weight  from  that  prt  • 
\i..uslv  obtaÍDdd,  lbe  Weight  of  Sn(>2-f  P/)6  is  obtained.  In  order 
tu  obtain  the  weight  of  the  Sn()3  a  MfMUWtf  portion  is  anály  zed 

irding  to  the  method  of  Oettel  m  deecríbed  batow  for  phoa- 
phorie  aeid,  and  the  amounl  ol  phosphoric  anhydride  sulniartrd 
from  the  weight  of  Sn02  +  iy>v 

The  oxides  obtained  In  the  ignition  of  the  insohible  sulphides 
are  dissulved  in  a  little  nitrir  aeid  (in  čase  FeJ^  is  present  a 
little  hydrochlorie  aeid  is  also  necessary)  and  the  solution  of  the 
nitrát  es  is  added  to  the  first  filtráte  from  the  impure  metástannic 
aeid.  To  this  solní  ion  an  excess  of  dilute  sulphuric  aeid  is  added, 
and  il  isevapnraied  00  the  wuter-bath  as  far  m  powbk  and  then 
heatí *d  OVcr  a  free  ilame  nutil  dense,  white  furaes  nf  sulphuric 
aeid  are  evolved.  After  eooling,  SO  e.e.  of  water  and  20  c,c.  of 
ileofaoi  are  added,  the  preeipitate  of  lead  sulphate  is  filtered  off 

i  its  imght  uVtermmed  as  deseribed  on  p.  I.'i8.  The  filtráte 
fři  m  the  lead  sulphate  is  heated  to  r-inuvi'  the  alroho]  and  the 
eopper  precipitated  by  means  of  hydrogen  sulphide  and  weighed 
as  CujS  according  tn  p,  146.  In  the  filtráte  from  the  eopper  sul- 
phide the  iron,  aluminium,  and  zine  (also  inanganese)  will  be 
found.  It  is  evapomted  to  a  small  volume  In  order  to  expel  the 
hydrogen  sulphide,  oxidized  by  the  addition  of  a  few  drops  of 
eoneentrated  nitrie  aeid,  and  the  iron  and  aluminium  separated 
i€  sine  by  means  of  a  double  precipitation  with  ammonia,* 
whereby  the  iron  and  aluminium  are  left  behind  as  hydroxi 

*  If  rmisiderahle  zinc  is  present,  the  ahove  separation  is  inexaet*     I; 

tlu*  filtráte  from  Ihe  eopper  sulphide  is  treated  with  sodium  arctate, 

hflBtod  0*60°.  tttUrated  with  hydrogen  sulphide,  and  the  iron  and  alumínium 

dtlettntned   in    the   filtráte,  the  zine   in    the   preeipitate,     If  manpanese  is 

presem   i  ti  the  nllov,  jt   ohould  be  separated  from  irou  and  aluminium  as 

eribed  on  pp.  121  to  1-3. 
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and  are  separated  and  determim-d  aooordi&g  to  p.  04. 
zinc  is  preeipkated  frmn  the  nitráte  after  acidiíving  with  acet 
acid,  byp&S&ing  hydrogen  sulphidc  into  the  boilillg  solution.  The 
precipitatrd  kíik'  sulphide  is  filtered  ufí\  díssolved  in  hydrochloric 
acid,  evaporated  to  drvness  in  a  weighed  platinum  dish,  and  tnm>- 
fonncd  to  oxide  by  heating  with  mercunc  oxide  by  Yolharďs 
method  (cf.  p.  116). 

For  the  phosphorus  detcrmmation  Oettel  *  recommends  the 
following  proceduře:  Frmn  2-5  gins.  of  the  substance  are  dissulvcd, 
as  before,  in  nitric  acid,  and  the  impure  metastannic  acid  with  all 
the  phosphorus  is  filtered  off,  dried,  and  transferred  as  eom- 
pletely  as  possiblc  to  a  porce lain  crucible.  The  ash  <>f  the 
filter  is  added,  and  the  contents  of  the  crucible  ignited.  After 
cooling,  the  substance  is  mixod  with  threc  titncs  as  much  solid 
potassinm  cyanide,  the  crurilile  eovered,  and  the  contents  fused; 
the  stannic  oxide  is  reduced  to  metal, 

Sne  )3+ 2KCN  -  2KCXO+ Sn, 

while  the  phosphoric  acid  is  eunverted  into  potassium  phoft* 
phate. 

By  skilfully  rotating  the  crucible  during  the  fusion,  it  is  pcm* 
ble  to  unitě  the  small  partírlrs  of  nmlten  tin  into  a  larger  buton 
whereby  the  subsequent  filtrát  inu  is  greatly  facilitated.  After 
cooling,  the  melt  u  treated  with  water  aml  filtcred.  The  filtráte 
is  cautiously  treated  with  hydrochloric  acid  under  a  good  hood 
and  boiled  to  remove  the  hydroevanic  acid.  It  is  then  saturated 
with  hydrogen  sulphide  in  order  to  remove  traces  of  cnppcr  and 
tin  which  alinost  alwavs  reniain  in  the  solution.  The  filtráte  is 
freed  from  hydrogen  sulphide  by  hoiling,  made  ammuniacab  and 
the  phosphnríc  acid  precipitated  as  magnesiliin  amninniuni  phos- 
phate  by  the  addition  of  roftgneftifl  mixture,  After  standing  for 
twelve  hours,  the  latter  is  filtered  off,  washed  with  2k  per  cent. 
ammonía  water,  dried,  and  ehanged  by  ignition  to  magnesium 
pyrophnsphate.  in  which  form  it  is  weighed. 

An  excellerit  method  for  the  analvsis  of  ordinarv  bronzes  is 
the   following:     The    allov    is    treated    with    nitric    acid    as    de- 


*  Chemiker-Zeitun*  (1*96),  p.  19. 
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Soribed   above,  the  metastannie  acid  filtcred  off,  and  the  filtnih 

efectrolyzed,  usíng  a  duli  platinuni  dish  as  eathode  and  a  didl 

-eleetrodfl  aa  anoda,  hoth  being  previously   weighgd.    The 

solution  is  electrolyzed  in  the  eold  with  a  curreiit  of  0*2  0*25 
ani  pere  and  at  the  end  of  twelve  hours  the  eleelmdes  are  washed 
withnut  break iiiií  the  oircuit.  On  the  ca t hode  all  the  copper  is 
founi  I,  and  00  the  anodě  all  the  lead  as  Pb02.  The  síphom.l 
solution  eontains  the  iron,  aluminium,  and  zinc,  whieh  are  analýz*  >l 
as  above  deseribed.  The  phosphorus  ifl  determined  in  a  separate 
lamph  as  before. 

tarife. — This    met  hod    aíTords    exact  results  oni  v   when  the 

copper  mode  that   is  left  with  the  metastannie  acid  KS  renmved, 

i M-. i  in  tlie  |tn-vinu>  řiH'th(»l.  by  ftarioo  with  sodiinn  earho- 

nate  and  sulphur,  dissolving  the  residual  ropper  sulphide  in  nitric 

and  adding  it  to  the  niain  solution. 

SEPARATION  OF  THE  SULPHO-ACIDS  FROM  ONE  ANOTHER. 

i.  Arsenic  from  Antimony. 

(a)   Method  of  Bunsen* 

Vr\ncipU\ — ff  a  Blightly  aeid    solution  of  an  alkali    arsenate 

and  antimonate  is  treated   with    hydrogen    sulphide  in  the  eold 

and  i hr  excess  of  the  latter  imrnediately  removed  by  eonducting 

au    thxough  the  sulutinn,  the  antimony  is  quuulitatively  precipi- 

l  a*  pentasulphidej  wbik  the  arsenic  remains  in  solution. 

Proceduře, — Assume  ihe  arsenic  and  antimony  to  l>e  present 
in  the  solution  as  arseniouj  and  antimonoua  acids,  B»*th  efe* 
ments  are  preeipitated  by  hydrogen  sulphide,  filtered,  and  washed 
with  water.  The  greater  part  of  the  precipitato  is  transferred 
by  means  «>f  a  spatula  to  a  l?00-L\e.  porerbin  easaerofo,  and  the 
preeipilate  remnining  on  the  filter  ifl  diasolved  into  the  Gasaerofa 
by  dropping  a  solution  of  hot  dilutepure  caustle  potaah  upon  it. 

:ti  3-5  frius,  oř  pure  solid  c&uatic  alkali  are  added,  and  the 
preripitate  dissolvea  to  a  clear  solutiosuf 

*  Ann.  d.  Chrni,  nud  Plnirm.,  1ÍV2. 

t  If  iilkalihr  e&rthfl  were  the  only  metala  promni  boÉfcltt  the  arsenic  and 
antimony,  the  fn>t  precifwtation  with  hydrogen  Httphide  watM  ba  omitted. 
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Thfl  nnniwirolr  is  now  covcrcd  with  a  perforaled  watch-glass. 
It  is  placetl  upon  thc  watcr-bath,  and  chlorine  ifl  conducted  into 
tlít  sním imi  until  all  the  alkali  is  deenmposed;  this  takés  froin 
one-half  to  three-cjuarters  of  an  hour.  By  this  operation  the 
nití'  and  antimonite  are  oxidized  to  arsenate  and  antimonate 
and  a  sinali  amount  of  pnlassium  ehlorate  is  formed.  Concen- 
tratcd  hydrochloric  acid  ifl  now  added  to  the  warm  solution  drop  by 
drop  froni  a  pipet  te  until  all  the  ehlorate  ifl  deeompnsed  and  no 
more  chlorine  is  evolved-  The  watch-glass  ifl  ivmoved,  the  solu- 
tion  ifl  evaporated  to  half  its  volume,  and  then  an  equal  amount  of 
JDODcentratcd  hydrochloric  acid  is  added  and  tho  sulutinn  again 
evaporatcd  to  half  its  volume.  Thc  contonts  of  the  casserole 
are  washed  by  means  of  dilnte  hydrochloric  acid  into  a  large  beaker, 
diluted  Wlth  wutcr  to  a  volume  of  600  c.c,  and  for  cvery  decigram 
oř  less  of  the  antimony  100  c.c.  of  freáhly  prepared  hydrogen 
snlphide  water  are  added.  An  orange  precipitatc  of  antimony 
ponta.sulphide  is  formed  at  the  end  of  a  short  tíme.  A  strong 
curreiit  of  air  (filtcrťd  throngh  a  wad  of  cotton)  is  thcn  passed 
tbrongh  the  BolutJQD  withotit  delay  until  the  cxeess  of  hydrogen 
Btllpfaíde  Ls  completelv  retuoved;  tlás  usuallv  requires  ahout 
fcwenty  minutes*  In  order  tri  avoid  loas  duríng  \h\>  oper&ttOG 
a  large  bcaker  ahould  be  Ufied  to  contaiu  the  solution  and  it  should 
bc  eovered  with  a  perforated  watch-glass.  The  predpitate  of 
antimony  pentasulphide  is  li  kel  v  lo  contain  traces  of  arsenic 
pentasulphide  80  that  it  is  dissolved  onee  more  in  eaustic 
potash  and  the  above  operatioD  repeated.  The  precipitate  now 
ohtaincd  will  be  pure  antimony  pentasulphide.  It  is  flltercd 
through  a  Gooch  erucible,  drted  ftt  230°  C.  in  a  streain  of  car- 
bon  dioxide  in  a  Paul*s  drying  (►ven  (Fig.  19,  p.  31),  and  weighed 
as  Sb2S3.* 

For  the  arsenic  áetermination,  thfl  eombined  řiltrates  are  oon- 

oetítrated   flom&what   by   evaporation,   a   few   drope   of   chlorine 

..rt'  ftddod  and  hydrogen  suiphide  is  paoocd  into  the  warm 

*Bm  '  cíi  the  antimony  us  pctitnsnlpliide  niter  washing  with  car- 

bon  bisulphide.     As,  however,  antimony  penteaulpbide  is  likely  to  be  rhanged 

to  the  tri>ulphide  on  tmitin^  with  carbon  hisulpliide,  the  abovfl  procedím 

is  hetter.     According  to  Bnnin,  B  ■■■lam  I  to  Bb,8,  oa  lo&g-coiitimied 

ment  with  CSr 
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solution  (heing  kept  on  the  watcr-hath]  f < »r  froin  six  to  eight 
hours,  after  which  it  is  allowcd  to  cool  in  a  rapid  stream  of 
hydrogec  sulphíde,  After  allowing  the  prooipitAte  to  setile  for 
twrnty-four  hours,  it  is  filtered  through  a  Oooofa  erueible,  washed 

1  water,  theo  three  tímee  with  aloohol,  íoizr  timefl  with  a  mix- 
ture    of  jmre    car  bon    bisulphide  and   atoofadl    (tf»   p.    141)ř  and 
finally  tbree  times  with  pure  aleohoh    After  drying  at  110° 
tlir  precipitate  is  weighed  as  As2S5. 

Remark.—U  the  solution  rontains  no  verv  largo  omvss  of 
hydrogeo  sulphide,  the  precipitate  wíll  always  eontain  trisulphkle, 

ihat  it  is  safer  to  dissolve  it  in  animoniacal  hvdrogen  }>er- 
oxide*  and  then  lo  přeci  pit  a  te  the  arsenic  with  magnesia  mix- 
ture  as  magnesium  amitinnium  arsenate,  as  doBCribed  OH  p.  165, 
weigliing  it  tt  Mg,As3< >-. 

Si  mark.— The  method  gives  very  accurate  results,  but  con- 
sumes  considerable  time. 


(h)  Method  of  Fr«1.  X  i  her  A 

ThisT  in  the  anthorřs  estimation,  the  best  method  for  the  separa- 
ťion  of  arsenic  and  antimony,  depends  upon  the  fact  that  arsenic 
is  precii>itated  from  a  solution  strongly  acid  with  hydrochloric 
acid  by  a  rapid  stream  of  hydrogen  suiphide,  while  antimony  is 
not. 

Proceduře. — Starting  with  a  precipitate  eonsisting  of  the  tri- 
sulphides  of  arsenic  and  antimony,  this  is  dissolved  in  caustic 
poteeb  solution  and  oxidized  exactly  as  deseribed  under  the 
previous  method.  When  frče  front  chiorate,  the  acid  solnímu 
is  washed  into  an  Erlonnieyor  flask  and  cooled  by  surrouud- 
ing  the  ílask  with  icc.  In  another  flask  some  concentratod 
hydrochloric   acid   (sp.   gr.    1.2)    is  likewise  cooled,     When   hoth 

*  For  tliin  purposc  as  mach  of  the  precipitate  a&  poasible  is  plaoed  in  a 
beaker,  the  jH»rti<»n  adhering  to  the  niter  ia  dissolved  by  bot  ammmii.i 
tlif  šatíte  beaker,  titul  this  Is  wnrnied  untíl  the  precipitnte  hns  en  ti  rely  dis- 
eolved.      After  this,  for  every  OJ  ^m.  of  ÁMfi^,  30-50  c.c.  of  pure  3  r**r  cent. 

are  added,  the  eolut  ion  heated  for  aonie  time  on  the  water-bath  and  í 
bcUed  ten  minuté*. 

t  Zfit.  f.  anal.  Chern.,  32,  45, 
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solutions  are  at  0°  (\T  the  arsenic  antimony  solution  is  diluted 
with  twioe  1!  volume  oí  tfae  ettrong  hydrochlorir  acid.  [nto 
this  cold  solution  a  rapi  oi  bydrogen  sulphide  is  pas 

for  nne  and  one-half  hours.  The  ftask  is  stoppered  up  and  aQowed 
tand  one  to  fcwo  bourá,  The  As2S5  is  filtered  tbrough  a  Qoocfa 
erucible  and  W&fihed  with  hydrorhloric  acid  (1  vol,  water,  2*vals.  CWl- 
ecntratcd  hydmdilorie  acid)  iintil  1  c.v.  of  the  filtráte  after  beinp 
considerabry  diluted  wíth  water  and  tested  with  hydrogen  sul* 
phide  showi  00  precipitation.    lt  is  ťhen  washed  with  water,  and 

finaliy  with  hot  alcohol.     After  drying  at  110°  C,  the  pret-ipitat, 

i-  weigh  _s5.* 

Tbe  filtráte  Brom  the  arsenic  sulphide  is  diluted  largely  with 
water  and  satura&ed  with  bydrogen  sulphide.  The  sks^  is  Bltered 
through  a  Oooeh  cmcible,  drídd  at  230°  0.  in  a  PauPs  drying  oven 
and  weighed. 

(c)  The  Tartaric  And  AfáfwL 

Princi  jih,—  The  separation  is  based  upon  the  fact  that  if 
magnesia   mixturo  is  adderi   to   a   solution    of   an  alkali   arsenate 

and  antimon&te  oontaiTiíng  tartaric  acid,  oni  v  areenk  will  be  pr&- 
cipitated. 

Proceduře, — Th&  sulphides  are  oxidizod  as  described  under 
(a)  by  solution  in  aqumus  caustic  potash  and  introduotion  of 
chlorine,  The  solution  thus  obtaincd  is  niadc  acid,  treated  with 
tartaric  acid  and  an  exeess  of  ammonia  addcd.  This  should 
qo1  pause  any  turbidity.  if  a  prrciphaio  is  formed,  it  show*  that 
an  insufficient  amount  of  tartaric  acid  is  prcsent.  In  this  ci 
the  dear  solution  is  deeanted  off,  tbe  precipitate  is  diseolved  by 
warming  with  tartaric  acid,  and  \ht*  fcwo  sulnti<ms  are  mixed. 
To  the  clear,  annnoniacal  BOlution,  magnesia  KUXture  is  added 
dowiy  with  oon»tan1  atirring  (ef,  p*  lítá,  foot-note).  After  sta  ml 
ing    twelve    hours,    the    precipitate    of    magnesium    amrnnniuni 

*  If  tlio  solution  was  DOt  0OÍd,  BOD  trisiilphid*  WOllld  U*  fornu-d 

and  low  n  Milts  nNfained.      For  tlu  HÉďfl  runinov,  lt  ts  advisahlc 

to  dlnonliT  tl»p  procípttata  in  atrnnomíacal  hydzogen  peroxide  or  in  fuming 
nit  řiť  ůtid,  aftarwaidfl  preripitating  the  arsenic  as  MpNH^AsQ,,  as  deser 
on  p.  165. 
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arsenate  is  filtered  oflf  (ii   ostiáUy  eontainr  a  lit  tle  basic  m 
nesium  tartrate),  wa>hed  I  íeřW  tínu  9  with  2*  per  cent.  aftfflionia, 
sotved  in  hydrochlorifl  mul,  and  reprecipitated  by  tibě  addi- 

tmn  of  an  excess  » *f  ammonia.     After  standing  for  twelw  ba 
múre,    the   precipitate    is    filtered,    washcd   with    2  i    per   oent 
ammonia.,  and  weighed  as  magnesium  pyrnarscnate  as  deseribcd 
on  p.  165. 

Remark. — Arscnic  eau  also  foe  separated  from  tin  according 
to  the  above  method,  except  that  more  tartarie  acid  is  neeessařj 
to  prevent  the  precipitation  of  the  tin  than  is  the  čase  when  an- 
timony alone  is  present  (cl  p.  189). 


(d)  Method  oj  E.  Fischer* 

I'rincif)l(—T\\\<  leparfttios  depends  upon  the  ready  vola- 
tilitv  OÍ  arsenie  trichloríde  in  a  current  of  hot  hydrochloric  acid 
gas,  under  whieh  conditions  antimony  chloride  ifl  not  volatile.  If 
the  vfienk  is  present  as  arsenie  acid,  whieh  ifl  usually  the  et 
lbe  distillatinti  mast  také  pláce  in  the  presence  of  some  reducing 
agent,  best  a  ferroue  salt. 

Proceduře.— The  apparatus  shown  in  Fig.  3ť»  fot  this 

drtrnmnation,  In  the  eourse  of  analysis,  the  arsenie  and  anti- 
mony, as  a  rule,  are  obtained  hrst  in  the  form  of  the  sulphides.  and 
these  are  dissolved,  as  described  under  (ti),  in  caustic  potasb 
-olntir.n  and  oxidized  by  chlorine.  Instead  of  using  chlorinr. 
the  alkaline  solution  may  be  boiled  with  hydrogcn  peroxide  or 
potassium  perearbonate.     íf  the  latter  method  is  ušed  for  the 

lution,  the  boiling  tnust  be  -  eontinued  until  there  is  nn  further 
evolution  of  oxygen. 

The  oxid  i  ml  solution  is  treated  with  hydrochloric  acid  and 
transfeiTcd.  by  nieans  of  B  long-Stemmed  f  umřel,  to  the  400~50Oc.c. 
distilling-fiask  Kt  in  whieh  has  been  placní  25  gms.  of  powdcred 
ferrous  anunonium  sulphate;  the  solution  is  diluted  in  the  fía.-í-. 
abom  200  1  .c.  The  apparatus  is  then  put  together  as  shown  in  the 
drtťwing,  The  3-liter  flask.  E,  is  filled  with  750  e.c.  of  concen- 
trated  hydrochloric  acid,     If  conoenti  ilphurie  acid  is  con- 
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tinually  dropped  into  the  flask  from  the  separatory  funnel  above, 
a  steady  stream  of  hydrochioric  acid  will  be  evolved,  which 
is  passed  through  the  flask  W  oo&taioiag  cunccntrated  sulphuríc 
acid,  and  from  thence  into  the  disulliiijs-ilask  K.    The  recciver  A 


Fíg.  3G. 

consists  of  a  liter  Erlenmeyer  flask  cotitaining  400  c.c.  of  water 
and  kept  cool  during  the  entire  operation  by  a  steady  stream 
of  cold  water  flnwing  around  it. 

A  rapid  evirrent  of  hydrochioric  acid  is  passed  through  the 
apparatus  untíl  the  solution  in  the  flask  K  is  saturated  with  the 
gas;  this  usually  rcquires  about  three-quarters  of  an  hour to  one 
hour.  The  solution  is  then  hcated  to  boiling  and  distilled,  while 
the  hydrochioric  acid  Ls  eontinually  passing  through  the  apparatus 
until  about  100  c.c.  of  the  solution  háve  passed  over.  If  the  re- 
eeiver  .4  is  kept  cool,*  there  will  be  no  loss  of  arsenious  chloride 
by  volatilization. 

For  the  arsenic  determination,  the  contents  of  the  beaker  B 
are  poured  into  the  flask  At  the  whole  solution  is  saturated 
with  hydrogcn  sulphide,  and  the  arsenic  determined  as  trisulphide 
(see  p.  164). 

For  the  antimony  dětem  dnat  ion,  the  solution  in  the  flask 
is    diluted    considerably    with    water,    saturated    with    hydrogen 


*  It  is  beat  to  surround  the  recciver  with  iee-water. 
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sulphide,  and  the  antimony  dctermined  as  the   trisulphide  (see 
p.  188). 

(é)  Meihod  oj  O.  Piloty  and  Alfred  Stock* 

This  method  is  very  similar  in  prineiple  to  the  previous  onef 
>'pt  that  in  tliis  paae  the  arsenic  acid  is  reduced  by  means  of 

hydmgcn   sulphidet   fflitead   ol   ferrous  sutphate.    The  appara- 

tus  necessary  is  shown  in  Fig.  37. 


Fio,  37. 

Proceduře.— The  solution  containing  the  arsenic  and  antimony 
in  either  the  trivalent  oř  pentavalent  fOTID  is  placed  in  the  300-«\c. 
flask  K,  dihited  to  175  c.c.  with  purc,  concentrated  hydrocliloric 
acid  and  the  flask  connected,  as  shown  in  the  figuře,  with  the 
Erlenmeycr  flask  E  containing  about  100  c.c.  of  quite  dilutc  hy- 
drochloric acid.  The  serew-cock  a  is  now  dosed  and  a  eady 
rnrrent  of  hydrochloric  acid  gas  is  pasaed  through  the  appara- 
tus  from  b  until  the  contents  of  K  are  saturated  with  the  gas. 
The  sohition  is  then  heated  to  boiling  and  a  slow  current  of  hy- 
drogen sulphide  (not  more  than  two  btibbles  a  second)  is  paswd 
through  the  flask  from  c,  while  the  contents  of  K  are  kept  boiling. 
If  arsenic  acid  is  present,  Bulphur  will  separate  out  in  the  flask 
A\  while  arseniouB  chloride  will  distil  over  and  be  changed  by 
the  hydrogen  sulphide  in  the  receiver  to  arsenic  trisulphide,  whirb 
separates  out  in  the  cold  liquid..  The  distíllation  is  continued 
until  100  c.c.  háve  distilled  over.  Then  o  is  closedt  but  the 
hydrochloric  acid  is  passed  through  until  the  hydrogen  sulphide 


*  Berichtc,  80,  1649. 


tCf.  Vol.  I,  p.  183  (íoot-note) 
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has  been  expelled  from  A";  this  wíll  be  effected  when  20  c.c, 
more  of  the  solutioo  háve  distilled  ofer,  Now,  while  tbe  liquid 
in  JE  is  stili  boilisgi  tbe  receiver  i.1  is  lowered  so  that  the  delivery- 
tube  rm  longer  dips  in  tbe  liquidj  the  fláme  Ls  reiuovcd,  and  the 
rurrent  of  hydrochloric  acid  stupped.  All  of  the  arsenie  will  now 
be  fottnd  in  #  as  urscnions  sulphide  mlxed  with  sulphur,  while 
tbe  antimony  w2D  b<-  preseni  in  A*  as  the  trichloride.  For  the 
arsenie  deternunntion,  the  prrcipitate  in  E  is  filtcred  oíTt  washed 
eompletely  with  water,  a  mi  placed  in  a  large  beaker  togetber 
with  the  filter.  It  is  fcxeftted  with  fuming  nitric  acid  imtil 
eompletely  diseolvedj  and  the  arsenie  is  determined  11  magne- 
sium pyroarsenatc  as  described  on  p.  165. 

Retnark. — Instcad  of  oxidizing  the  arsenions  sulphide  with 
nitric  acid,  an  animoniacal  solntiou  of  pure  hydrogen  peroxide 
may  be  ušed  (cf,  p.  184,  foot-noo  i), 

For  the  determination  of  antimony,  tbe  eontents  of  the  flask  K 
nit'  diluted  considerably  with  water  and  the  antimony  preeipi- 
tated  by  means  of  hydrogen  sulphide  (see  p.  168). 

Rtmark, — This  met  hod  yields  BatfafaetOfy  results  if  the  above 
din  ctions  are  carofully  folio  wcd.  (i.  Senn  found  in  two  ex pěn- 
ím nts,  using  0.123.5  gni.  arsenie  and  0*1820  gm.  antimony.  0.1230 
and  0.1232  gnk  arsenie,  rornsponding  to  99.67  per  cent.  of 
the  total  arsenie,  and  OJ  Si  3  and  0.1809  gm.  antimony,  the  mean 
represenťing  99.5  per  cent,  of  the  antimony.  If  the  distillation  is 
oarríed  further  than  above  directed,  small  amoiints  of  antimony 
chloride  will  be  carried  over. 


Separation  of  Antimony  from  Tin, 
(a)  F.  W.  Clarkc'8*  Mcthod,  ai  modifíed  hy  F.  Iíenz,f 

Of  all  the  present  known  methods  for  the  separation  of  anti- 
mony from  tin  this  is  probably  the  mnsi  aemrata.  It  depends 
upnn  tbe  fael  that  antimony  is  eompletely  precipitated  from  a 
solution  emitaining  oxalic  acid,  while  stannic  salts  are  not.  Stan- 
nous  sulphide,  however,  is  deeompo&ed  by  ogcalie  acid,  forming  an 


*  Chein.  News,  VoL  21 ,  p.  1 24.     Cf.  also  Rtissing,  Zéitschr.  f  úr  anal  Chenfc, 
XLI,  1. 

t  Inaugural-Dissertation,  Zurirh,  1903, 
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bflduble  rivštiilHnc  Btazmoua  oxalate,  so  that  ihe  tin  orůst  be  in 
the  itazmic  form, 

Aooording  to  t  h**  originál  method  it  wbb  oeceesary  to  repeat 

the  precipitation  of  the  antimony,  but  Henz  has  shown  that  an 

i  better  separation  can  be  aceomplished  by  a  single  precipi- 
tation if  čerta in  precautions  are  taken, 

Proceduře. — In  the  majority  of  caaee  Li  is  l  question  of  sepa- 
rating  antimony  from  tin  after  these  metala  háve  been  scparated 
froin  the  membors  of  the  copper  gTOUp  by  means  of  alka  line  polv- 
sulphide;  i.e.,  the  tin  and  the  antimony  are  in  the  fnrm  of  their 
soluhlc  sulf«hí j-salts.  Honz  prefcrs  the  use  of  potassium  póly* 
sulphide  for  thi.s  separaT:- 

The  sol ut ion  of  the  sulpho-salts,  containing  not  more  than 
0,3  gnx  of  the  two  nutaK  is  placní  in  a  500-c.c.  Jena  beaker  and 
treatod  with  a  solution  of  ti  gms,   of  the  purest   causňc   potash 

ie-third  the  sum  of  the  weigbta  ní  tartaric  and  oxalic  aeids  to 
be  added)  and  3  pDB,  0Í  tartaric  aeiil  (ten  tinies  the  maximum 

ight  of  the  two  metals).  To  thís  mixture  twiee  as  much  30  per 
Oent.  hydrogen  peroxide  is  added  as  is  um— ;iiv  to  ri»tnplotcly  .].- 
DOlorixe  the  solution,  and  the  latter  is  now  heated  lo  boiling  and 
kept  there  until  the  e  volut  ion  of  oxygen  M  OfSfj  in  order  to  oxi- 
dize  the  thiosulphate  fornied.  AU  of  the  6X0608  of  peroxide  can- 
DOÍ  be  removed  suceessfully  a  I  thís  point.  The  solution  is  cooled 
snmrwbat,  the  beaker  covered  with  a  wateh-glass,  mul  a  hot  solu- 
tion  of  15  gms.  pure  recrystallized  oxalic  acícl  is  cautiously  added 
(5  j:m^  for  OJ  gm  of  the  mixed  metala).  This  eauses  the  evolu- 
tion  of  considerable  carbon  dioxide,  Nowt  in  order  to  eoiiipletely 
remove  the  excess  of  hydrogen  peroxide  the  solution  is  boiled 
viiroiously  for  ten  minu  tes.  The  volume  of  the  liquid  should 
ainount  to  from  SO  to  100  cx.  After  this  a  rapid  stream  of  hy- 
drogen  sulphide  is  conduoted  into  the  boiling  solution,  and  for 
Siinv  time  there  will  be  no  precipitation,  blit  <>nly  a  white  tur- 
hidity  formed.  At  the  end  of  ňve  or  ten  minutes  the  solution 
beeomee  orange  oolored  and  the  antimony  begins  to  predpit 
and  from  this  point  the  time  is  taken.  At  the  end  of  fifteen 
minutes  the  solution  is  diluted  with  hot  water  to  a  volume  of 
250  c.c,  at  the  end  of  another  fifteen  minutes  the  fláme  is  remo\ 
and  ten  minutes  later  the  current  of  hydrogen  sulphide  is  stopped. 
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The  precipitated  antimony  pentasulphide  is  filtered  off  through 
:i  Qooch  crucible  which,  before  weighing  and  after  drying,  has 
been  heated  in  a  stream  of  carbon  dioxide  at  300°  C.  for  at 
least  one  hour.  The  precipitate  is  washed  twice  by  áeca&tatkm 
With  1  per  cent.  oxalie  acid  and  twice  with  very  dilute  acetic 
acid  before  bringing  it  in  the  crucible.  Both  of  these  wash 
liquids  should  be  boiling  hot  and  saturated  with  hydrogen 
sulphide. 

The  crucible  is  heated  in  a  current  of  carbon  dioxide  (free  frum 
air)  to  constant  weight  and  its  eontents  weighed  as  Sb^. 

The  filtráte  is  evaporated  to  a  volume  of  about  225  c.c,  trans- 
ferred  to  au  unpolished  platinum  dish,  and  electrolyzed  at  60°  to 
80°  CL  with  a  eurrent  of  0.2  to  0.3  ampere  (corresponding  to  2  to  3 
volts).  For  very  sinali  amounts  of  tin,  a  current  of  not  over  0.2 
ampere  should  be  ušed.  At  the  end  of  six  hours  8  c.c.  of  sulphuric 
acid  (1:1)  are  added,  and  at  the  end  of  twenty-four  hours  the 
soiution  is  transfenred  to  another  dish.  The  deposited  tin  has  a 
beautiful  appearance,  similar  to  silver. 


(6)  Methwl  a{  //.  Rose. 

Principu. — This  method  is  based  upon  the  insolubility  of 
sodium  metuntimonate  and  the  solubility  of  sodium  stannate 
in  dilute  alcohol. 

1'ticedure. — Both  metals  are  assumed  to  be  present  in  the  form 
of  an  alloy.  The  a  Noy  is  treated  with  nitric  acid,  whereby  the 
antimony  and  tin  are  left  in  the  form  of  tlieir  oxides  (cf.  p.  192, 
Analysisof  Bearing  Metal).  The  residue  is  filtered  off,  washed  with 
ammonium  nitráte  water,  dried,  as  much  as  possible  transferred 
to  a  large  silver  crucible  and  the  ash  of  the  fUtfr  added,  after 
which  the  přeci  pit  ate  is  gently  ignitcd.  From  ten  to  twclve 
times  as  much  solid  sodium  hydroxide  and  a  little  sodium  nitráte* 
or  bettcr,  sodium  peroxide,  is  added  and  the  sihvr  crucible 
is  placed  within  a  larger  porcelain  one  in  order  to  protéct  it  from 
the  fláme  wlieri  the  contents  are  f ušed  and  ki  pt  liquid  for  twenty 
inuuitcs,  After  OOoMng,  the  crucible  is  placed  in  a  large  poree- 
Iaín  dish  and  its  contents  treated  with  hot  watcr  untú  the  nuOt 
has  disintegrated,  leaving  Ihfl  KMolllUe  part  in  the  fnrm  of  a  fine 
meal.     One-third  of  the  solutíon's  volume  of  alcohol  (sp.  gr.  0,833) 
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is  now  added,  the  mixture  is  well  stirred  and  filteral  after  Stand- 
ing  twelve  hours.  The  residue  remaining  on  the  sides  of  the  dish 
is  washed  off  with  ciilute  alcohol  (1  vol.  alcohol +  2  vols,  water  K 
The  sodium  metantimonate  is  washed  first  with  a  mixture  of 
1  vol.  alcohol +  2  vols.  water,  then  with  1  vol  alcohol  +  1  vol. 
r\  and  finaily  with  3  vols.  alcohol +  1  vol.  water,  until  the 
filtráte  whcn  acidified  with  hydrochloric  acid  and  tested  with 
hydrogen  sulphide  no  longer  gives  a  yellow  coloration  (tin 
iulphide). 

If  considerable  tin  and  little  antimony  were  originally  pn 
a  single  fusion  of  the  oxides  with  eaustie  soda  does  not  afford  a 
coniplete  separation,  as  the  residue  of  sodium  pyroantimormte 
always  contains  some  tin.  It  is,  therefore,  dried,  separated  from 
the  filter  and  placed  in  a  silver  crucible.  The  niter  is  treated 
repeatedly  in  a  poretiuin  crucible  with  fuming  nitric  acid  until 
the  páper  is  completely  destroyed  and  the  excess  of  urid  is  then 
ívmovod  by  heating  in  an  air-bath.  The  coutents  of  the  pni 
lain  crucible  are  subsequently  dissolved  in  a  little  cau>th-  soda 
soluíioii  and  washed  into  the  silver  crucible;  the  water  is  then 
removed  by  heating  the  silver  CTUcQde  it  first  on  the  watt-r- 
bath  and  finaily  in  an  air-hatli.  Ten  gmoa  of  solid  eaustic  soda 
are  now  addcd.  the  mixture  fused,  and  the  melt  treated  in  the 
samé  way  as  befoic 

The  Becond  residue  of  sodium  metantimonate  is  free  from 
tin.  It  Ls  dissolved  from  off  the  filter  by  a  mixture  of  hydro- 
chloríe  and  tartarie  acidfi,*  in  which  it  is  readily  sohiblc.  From 
ihis  solution  the  antimony  ts  precipitated  by  hydrn^m  sul[>hide 
and  determined  as  described  on  p.  168.  For  the  tin  detrrmiriu- 
tiont  the  alooholic  filtráte  is  gentlv  h<  aied  to  reniove  tfie  aleohol, 
aeidified  slightly  with  hydrochloric  acid,  and  tin-  tin  precipitated 
as  sulphide  by  hydrogen  sulphide  and  determined  according  to 
p    17 

Rcmark. — If  the  oxide  residue  which  was  first  fnsed  with 
sodium  hydroxide  and  niťre  conaisted  solely  of  tin  and  antimony 
oxides.  this  methyl  givfB  verv  good  results.  As  a  rule,  however, 
most  antimony  and  tin  alloys  eontain  lead  and  other  metala  whnse 

♦  A  mixtuiv  ooiutetmg  of  eťjunt  volwnes  dihite  hydrochloric  acid  (1:4) 
and  5-10  per  cent  turtanc  acid  ts  ušed 
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oxides  remain  to  a  small  extent  with  the  tin  and  antimony  qb 
treatmoiit  of  the  alloy  with  nitric  acid,  so  that  tito  sodium  metan- 
timonate  ifl  subseojuently  remiered  impnre  by  the  presence  of  t 
metals.     The  antimony  determination  therefone  gives  tou  lugh  re- 
sults.     In  this  čase  the  method  of  W.  Hampe*  should  lx»  Of 

The  alloy  is  dissolved  in  aqua  regia  (as  deseril>ed  helow  in 
the  analysís  of  bearing  metal)  and  the  tin  and  antimony  sepa- 
rated  from  the  reniaining  inetals  by  means  of  colorless  sodium 
Blllphide.  From  the  solution  of  the  sulpho-salts  the  tin  and  anti- 
mony are  precipitated  by  niaking  barely  acid  with  dilute  sulphiiric 
acid;  the  precípitate  is  washed  and  dissolved  in  a  little  warm 
sodium  sulphide.  After  oooling,  sodium  peroxide  is  aáded  to 
the  coneentrated  solution  in  small  ainounts  imtil  the  liquid 
beconies  colorless,  and  when  treated  with  more  sodium  peroxide 
a  distinct  pvolution  of  oxygen  takés  pláce.  By  this  treatment 
sodium  antinionatr  ifl  formed;  this  separates  out  to  some  extent, 
while  the  tin  reinains  in  solution,  In  order  W  eouipletcly  pre- 
cípitate the  antimony  from  the  solution,  nne-third  as  much  aleohol 
(sp.  gr.  0.833)  is  added,  after  wdiich  the  precipitate  is  filtered  uff 
and  treated  as  above  described. 


Analysis  of  Bearing  Metal.     Method  of  Rdssing.f 

This  alloy  eontains  tin,  antimony,  lead,  copper  (zinc).  About 
2  gEOS.  of  the  borÍDgS  (or  turnings)  are  dissolved  in  au  Erlenmeyer 
flask  in  as  little  aqua  regia  as  possible,  a  little  potassiuin  chlorate 
is  added  and  the  contents  of  the  flask  heated.  After  the  addi- 
ti«in  of  a  little  tartaric  acid.  the  solution  is  diluted  with  water, 
made  slightly  alkaline  with  sodium  hydroxide,  and  treated  with 
sodium  sulphide,  using  as  slight  an  v\n>^  iu  possible.  The 
lit  pud  is  heated  on  the  water  bath  and  fre  piently  shaken.  The 
precipitate  is  then  allowed  to  set  tle,  the  solution  is  derantcd 
through  a  filtcr,  and  the  rcsidtie  washed  with  hot  water  contain- 
ing  a  verv  little  sodium  suiphide, 

The  filtráte  eontains  all  of  the  tin  and  antimony,  the  pre- 
cipitate all  the  lead  and  copper. 

*Chem.  Ztg..  l«(p.  19QG\ 

t  Zeit.  t  armi  Chcm.  (1902),  41,  p.  1. 
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Ihtcrmimilion  oj  Antimonit  atul  Tin.  -The  filtráte  ia  dilttted 
to  the  volume  of  I  liter,  thoroughly  mixed,  and  200  c,c,  (  =  ,4  gm. 
nf  the  alloy)  are  taken  for  the  determinalhm  o|  tin  and  antimony, 
aceording  to  ClarkeV  method  (ae*  p,  18 

Determinaíion  af  Cappet  and  l&ad. — The  precipitate  contain- 
the  sul  ph  id  es  of  these  toetoh  ia  diasohred  in  nitric  aeid,  a  little 
pburic  aeid  is  ftddedj  and  the  sahitáoD  m  ev&porated  nutil  ha 
of  sulphuric  acid  are  evolved,  when  water  and  alentml  B7G  added 
lín-  lead   determine*  d   sulphate,  aceording  to  o.  1   B 

Ed  the  filtráte  froin  the  lead  sulphate  the  eopper  is  precipi- 
tated  at  the  boOing  temperature  as  copper  sulphide  and  deter- 
mined  as  cuprous  sulphide  aceording  to  p,  145.  If  iron  and  zinc 
\vr  rr  přesnít  in  the  alloy,  they  wíll  be  found  in  the  filtráte  from 
the  copper  BUlphide  and  ean  be  deterrniued  as  deseribed  under 
the  Analysis  of  Bronzes  (p.  178), 


Separation  of  Arsenic  froin  Tin. 

(a)  Method  of  Fred.  Nehoř* 
The  moist  sulphides  are  dissolved  in  freshly-prepared  ammo- 
nium  sulphide,  evaporated  in  an  Erlemneyer  ftask  nearly  to  dry- 
ih m  and  oxidized  with  hydrochloric  aeid  and  potassium  chlorite, 
From  this  sohition  the  arscnir  ia  prceipitated  as  sulphide  under  the 
muditions  deseribed  on  p.  184.  In  the  filtráte  from  the  arsenic 
petiiusulphide  all  of  the  tin  is  foufid  and  ean  be  precipitated  as  sul- 
phide after  diluting  largely  With  water  and  passing  in  hydrogen  sul- 
phide.   Itis  finaUy  ehanged  to  the  oxide  as  deseribed  on  p.  175,  J3. 

(b)  Method  oj  w.  Hampsj 

The  precipitated  sulphides  are  dissolved  as  soon  as  possible  in 
freshly-prepared  ammonium  sulphide.  the  solution  is  evaporated 
ahuost  to dryness and  oxidized  ffith  hydrnchlorieacid  and  potassium 
ehlurale  in  a  flask  eunnected  with  a  return-flow  rondenser.J  Tar- 
taric  aeid  und  ammonia  are  then  added  and  the  arsenic  [preeipi- 
tated with  magnesia  mixture  as  magnesium  ammonium  arsenate,  as 

*  Zťit.  f.  anul.  Ctem.  (1*93),  32,  p.  45. 

1  Cttm.Ztg.  (18&4),  1S,  p.  1900. 

J  So  that  no  arsenic  trichloridt  will  ba  loct  by  volut Hization. 
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described  on  p.  165.     Aftcr  standing  twelve  hours,  the  preeipitate 

is  filtered   oíT.  washed  with  2\  per  cent.  animonia,  and,  w  nrder 

to  remove  a  little  magnesia,  the  preeipitate  is  diflBOlved  in  hydro* 

chloric  acid  and  repreeipitatcd  by  the  addition  of  animonia.     After 

standing  annther  twelve  honrs,  the  preeipitate  is  filtered  ofT  and 

again  washed  with  2£  per  cent.  animonia, 

This    preeípitate    can  be    eonverted    into   magnesium   pyroar- 

senate  and  weighed  in  this  form  as  described  on  p.  165.      This 

tiansformation   is  somewhat  tiresonie,   howcver,  so   that  Hamp»< 

prefers  to  dissolve  the  preeipitate  in  hydrochloric  acid  onee  more, 

ti*  preeipitate  the   arsenic  by  rneans  of  hydrogen  sulphide,  and 

then  to  determine  the  magnesium  in  the  evaporated  filtráte  as 

magnesium  pyrophosphato    aceording  to  p.  62  or  p.  64,    Froni 

the  vveight  of  the  latter  the  amoimt  of  arsenic  can  be  computed 

as  follows; 

Mg2P307:2As  =  p:,r 

2As 

V 


x=- 


oř 


Mg2P2<V 
x=  0.6735  "P  gm,  arsenic. 


Separation  of  Antimony  from  Arsenic  and  Tin. 
(a)  Metitod  oj  Ji 

If  the  nietals  are  present  ín  solution,  they  are  prceipitated  as 
smlphides  with  hydrogen  sulphidet  heated  with  furning  nitric  acid 
in  a  larga  covered  beaker  until  the  sulphur  is  cnrnpletely  oxidized, 

hed  into  a  poreelain  dish,  and  the  eXOBH  of  aejd  removed  by 
ev&poration  on  the  water-lmth.  The  alinost-dry  residue  is  treated 
with  concentrated  BodiuiS  hydroxide  solution  and  the  contents 
of  the  dish  are  transferred  to  a  silver  crueible,  after  whieh  a  little 
solid  sodium  iiydroxide  is  added  and  the  mntents  of  the  crucible 
dried  in  an  air-bath.  It  is  then  fused  *  and  kept  liquid  for  about 
twcnty  imnutes  by  heating  over  a  Tedu  burner.  After  Gooling, 
the  meh  if  dÍBJntegiated  with  water,  one-third  as  nioeh  ftloohol 
gr.  Q.K33)  is  added  in  onler  to  completely  precipitate  the 
sodium    metantimonate,    and    after   standing   twelve    honrs    the 

*The  eilver  enicihle  is  placed  in  a  larger  porcelam  one  so  as  to  avoid 
contact  with  the  fláme. 
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precipitate  is  filtered  and  subjected  to  the  ireatinenl  described  on 

p.  191.     The  filtráte  containing  all  tlie  ar  l  1m  is  aridified 

with  hydrochloric  acid,  whereby  stannic  uraeoate  is  precipitated. 
Without  filtering,  hydrogen  milphiile  is  oondueted  tuto  the  Hquid, 
the  precipitated  sulphidee  of  tin  and  arsenic  are  filtered  off,  oxi- 
díaed  witfa  hydrochlorw  acid  and  potmtmnni  ehlorate,  and  the 
arsenic  separated  from  the  tin  as  described  on  p»  193,  a, 

(h)  Mrtítod  of  Iltimpe. 

The  nioist  sulphides  are  oxidized  as  described  on  p.  193,  b,  and 
the  arsenic  determined  in  the  samé  way. 

In  the  eombined  filtrates  from  the  magnesium  ammonium 
arsenate  the  antimony  and  tin  are  precipitated  by  hydrogen 
suli il íide,  after  makíng  the  solutíon  acid.  These  are  separated 
» ither  aecordmg  to  tbe  mrthod  tá  Clarke  (p.  188)  or  that  of  Rose 
(p.  190). 


SUPPLEMENT  TO  THE  HYDROGEN  SULPHIDE  GROUP. 

GOLD,    PLATINTM,   SKLENIUM,  TELLURIUM,    VANADII  M, 
MOLYBDENŮM,  TUNGSTEN. 

GOLD,  Au.    At.  Wt.  197,2. 

Gold  is  always  determined  as  the  metal  itself,  We  háve  three 
cases  to  distinguish; 

1.  The  gold  is  present  in  soluťion. 

2.  The  gold  is  alloyed  witfa  copper  and  silver. 

3.  The  gold  tfl  present  in  id  oře. 

i.  Gold  is  Present  in  Solution. 

In  almost  all  cases  gold  is  deposited  as  metallic  gold  from 
its  sulutiuns  an/1  weighed  after  filtering  and  washing. 

For  the  depositíon  of  gold  the  followiiig  redncing  agenta  are 
to  be  eonaidered:  ferroua  sulphate,  oxalic  acidt  fnrmaldehvde, 
and  hydrogen  peroxide.  If  the  gold  is  to  be  precipitated  by  means 
of  either  ferrous  sulphoU  oř  ozolic  ociď,  there  must  be  no  free 
nitrie  acid  present  in  the  snlutinn.  If  some  is  present,  it  mnst 
be  removetl  by  repeated  evaporation  witfa  oonoeaatrated  hydro- 
chloric acid  and  the  solution  then  diluted  with  water.      To  this 
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dilute  solution  a  large  exoese  ol  dear  řerroua  sulphate  solmitm 
is  addcd,  tbe  beaker  ie  oovercd   and  its  conicnts  are  heated  for 

>-  veral  hours  co  the  water-bath.  The  precipitate  is  then  filtered 
ořT,  washed  first  with  water  containing  li  -1  ic  acid  until  the 

bon  is  completely  rcinoved,  and  Úuw  with  ptire  water.  The  pre- 
cipitatc  is  dried,  truiisferred  as  completely  as  pnssible  to  a  porce- 
lain  crueible,  the  ash  of  the  filter  added,  and  t h » ^  gold  is 
ignited  and  weighed.  In  this  way  gold  can  be  separatcd  from 
ahuust  all  rnotals,  oven  platinum,  but  not  from  silver.  If  silver 
is  prosen  t,  whieh  is  of  emirse  nover  the  ease  i.n  a  dilute  hydrochloric 
arit!  BolutlODj  it  ifl  first  removed  by  the  addition  of  hydrochloric 
acid,  tlie  preeipitated  silver  chloride  filtered  ofT,  and  the  filtráte 
treated  as  nbove  describod. 

Foř  the  preripitatiňn  of  gold  by  means  of  oxalic  acid,  the 
slightly  acid  solution  is  dihitcd  with  water,  oxalic  aeid  or  amnm- 
nium  oxalate  is  ad t led  with  a  little  sulphuric  acid,  and  the  covered 
beaker  is  allowed  to  stand  forty-eight  hours  in  a  warni  pláce, 

The  yellow  scales  of  the  deposita!  gold  are  filtered  off  and 
washed,  as  above  desc.ribed,  with  hydroehloric  acid  and  then  with 
water,     It  is  then  ignited  and  weighed. 

Deposilion  of  Gold  by  Mram  of  Ihjdrogen  Peroxide  (L.  Vanino  and 

L.  Seeman)* 

If  a  gold  solution  is  treated  with  potassium  oř  sodiura  hy- 
droxide solution  and  then  with  formaldehyde,  oř,  better  still, 
hydrogen  peroxide,  the  gold  is  soon  preeipitated  quantitativcly, 
even  in  the  cold.  By  boilíng,  the  finely-divided  gold  collecte 
together  and  assumes  a  rcddish-brown  color,  The  reaction  takés 
pláce  according  to  the  following  equation; 

2  AuCI* + 3H302 + 6KOH  -  6KC1  +  6HaO + 30a  +  Au,. 

If  the  gold  is  deposited  by  this  inethod  from  very  dilute  Solu- 
tions it  is  obtained  in  such  a  finely-divided  čoudit  ion  that  it 
passes  through  the  filter.  If,  however,  the  solution  is  boiled 
until  thi  of  hydrogen  peroxid  o  is  oompletely  destroycd, 

and  it  ia  then  aeidificd  with  hydrochloric  acid,  the  gold  can 
he  readily  filtered.  Gold  can  be  separaU-d  from  platinum  by 
this  met  hod, 

*  Beriehte  (1899),  32,  p.  1968. 
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2,  The  Gold  is  Alloyed  with  Copper  and  Silver. 

When  gold  18  přesolit  in  alfoyB  ií  is  most  rapidly  and  must 
accurately  detennined  in  the  drv  waw  The  prineiple  oř  the 
met  hod  is  verv  simple. 

h  a  gold-sihrei  alloy  is  melted  in  the  air  with  lead  upun  a 
iiipcl "  (a  verv  porous  vessel  made  of  bone-ash)  the  lead  and 
copper  are  oxidized,  the  oxidcs  fuse  and  are  absorhetl  by  t  he 
CUpelj  while  all  th"  gold  and  silver  are  taft  behind  in  the  íorni  of 
i  met&Hic  button,  whoae  weight  is  obtained.  The  silver  is  after- 
wards  separated  from  the  gold  by  the  action  of  nitrie  aeid  whieh 
(UflBoivefl  the  silver  but  leaves  the  goJd  behind.  If  the  weight 
of  the  gold  that  is  left  undissolved  is  deducted  from  the  weight 
of  thfi  goM-eilvei  button  the  weight  of  the  silver  Ls  obtained. 

In  onler  to  obtain  aecnrate  results  a  CXUmber  of  prerautions 
rnust  be  takém  By  the  cupellation  of  the  alloy  snme  oobk 
tutlal  [a  alvvays  lost  and  the  aniount  lost  incn;is<  s  u\  proportioo 
to  the  amount  of  lead  ušed  and  the  higher  the  tempera  ture. 
Furtherniore,  small  amounts  of  the  noble  metal  are  absoffbed  by 
the  rupel  and  this  atnoimt  is  greater  the  smaller  the  amonní  of 
lead  iiscd,  This  second  loss  amount  s  to  much  h-ss  tlian  the  former 
one  occasioned  by  the  use  of  too  much  lead.  Conšequenttff,  in 
gaíd    CUpdhHon    an    unneccs&ary    exce&s   of   lead    must    he 

1  led. 

Kxperience  has  shown  that  the  richer  a  gold-silver  all 
in  base  metal  the  more  lead  is  nccessary  for  the  cupellation. 
Furthermore,  in  the  separation  of  gold  from  silver  by  means  of 
nitrie  acid  it  is  necessary  to  remember  that  the  separation  is  only 
quantituíive  when  the  alloy  consists  of  three  oř  more  parts  of 
silver  to  one  part  of  gold,  If  less  than  three  parts  of  silver  are 
originatly  preeeid  for  one  part  of  gold,  it  is  necessary  toadd  pure 
silver  until  this  proportion  is  reached.  This  operát  ion  is  known 
as  quartatúm  or  inquartuíion,     The  m  D  of  the  silver  from 

the  gold  by  means  of  nitrie   acid   is   spoken   of  as   parting.     If  a 
gold-silver  alloy,  in  the  form  of  fofl,  whirh  OOlUQBtfl  of  three  parts 

ilver  to  one  of  gold,  is  treated  with  nitrie  acid,  the  latter  metal 
remains  behind  as  a  brownish  scale;    if  more  silver  is  pre^ 
it  is  left  as  a  fme  powdcr,  unless  the  acid  is  made  extremely  dilute. 


igs 
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From  what  has  been  said,  it  is  clear  that  accurate  results  can 
be  obtained  only  when  the  ooiTect  amonní  of  lení  i>  present  in 
the  allov  that  is  cupelled,  and  when  the  gold  and  silver  are  present 
in  the  proper  proportioii;  i.e.f  it  is  necessary  to  know  the  approxi* 


Fig.  38. 

mate  composition  of  the  alloy  before  an  accurate  determination 
can  be  made.     This  is  determined  by 

The  Prdiminartf  Assay, 
For  this  purpose  the  muffie  shuwn  in  Fig.  38  is  heated  to  a 
cherrv-red  heat,  a  cupel  weighing  from  6  to  7  gmfl.*  is  placed  in 
the  back  part  of  it,  the  imifnV  dooř  is  el<»sedT  and  the  cupel  heated 
until  it  has  acquired  the  samo  eolor  as  the  muíhV\  After  thia 
5  gms.  of  lead  are  placed  Upoi)  the  eupel,  the  muffle  is  closed  until 


*  A  (ood  cupel  will  obecni)  itfl  owu  weight  of  litharge 
Litino  ubnut  OHB-tenth  *>f  th'"  Lithargr  furnied 
ifl  Lcet  h/y  vnlatiLizaťmn,  eo  that  tfae  weight  of 
Uthaxge  ebeoribed  by  Mic  cupel  is  practically 
thfttof  the  origirml  lead  buttoit,  P|g.  39  repre- 
setits  a  cupel,  together  vrith  its  croes-section. 


During  the  cupel- 


Fig.  39. 
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ttie  Vad  fa  melted  and  then  0.2")  gin,  &f  the  accurately-weighed 
alluv  is  enveloped  in  a  small  piece  of  lead-foil,  placed  in  bhfi 
mol  ten  lead  (with  the  help  of  a  pair  of  tongs),  and  the  rnuffle  olooed 
until  the  alloy  has  melted  and  ihowfl  a  brighi  upper  surface.  With 
thn  help  of  an  iron  hook  the  eupel  is  now  carefuUy  advanmí  to 
about  the  nuddle  of  the  rnuffle  and  the  dooř  s houkl  bc  left  open 
so  that  there  is  a  reiidy  access  of  air  into  the  mufríe. 

After  about  twenty  ininutes  the  had  will  be  all  absnrbcd, 
which  is  shown  by  the  "bliek."  *  The  hot  cupel  is  then  removcd 
from  the  imiffie  and  after  cooling,  the  color  of  the  button  is  ob- 
served. 

{a)  //  the  bulton  is  grecnish  ijtllaw  ar  <tark(Tt  it  con tailli  less 
than  three  parts  of  silver  to  one  part  of  gold,  in  which  čase  from 
four  to  six  parts  <>f  °fine  silver*'  are  atlded  (the  proper  ainount 
can  be  usually  told  by  the  practised  eve)  and  the  button  is  eupelled 
in  a  new  eupel  with  1  gin.  of  lead.  The  bul  tun  now  ob  ta  med  is 
tre&ted  with  nitríe  acid  and  the  residual  gnld  wdgbod, 

(h)  Ij  the  button  is  pure  white,  tlím  thrcc  oř  more  parts  of 
silver  are  present  to  one  part  of  gdd.  In  this  čase  it  is  iinme- 
diately  "parted"  aiul  the  residual  gdd  weighed. 

After  the  approxioiate  anionnt  of  gokl  present  has  beeB  ascer- 
tairuxbt  the  analysis  proper  is  matle,  using  theamount  of  lead  as 
indieated  in  the  following  table: 

LEAD  TAHLE. 

Arnnuni  of  Gk>M  Aranunt  of  LeaH  Necenaary  for  the 

Fnmut  Ln  ih«*  ABey  lUtion  of  0,25  srn.  of  Alloy. 

1000  thousandths 0. 25  gni. 

900        "        2.50  gm& 

800  "  . ... 4,00  ll 

700  u  5.50  w 

600  u  6.00  H 

500  "  6.50  " 

400orless  "  8.50  « 

•The  blick  ia  the  briglitening  of  the  metal  which  appeara  when  the  miter 
laver  of  lead  oxide  that  is  constantly  beeomÍDg  thmner  íiri  j  and  the 

bnght  noblfl  nutní  shinefl  ihrough.  Just  before  the  bitek  there  is  a  distinct 
Udeecenre,  so  that  the  point  can  nevěr  bt  inistaken. 

t  In  assay  Wxwatories  tlu*  approxinmte  gold  eontents  of  the  alloy  if>  cl 
mined  by  íts  streak.     A  ťine-grained  piooe  >  is  blackened  with  ehar- 

coal.     The  alloy  to  be  tested  ís  rubbed  upon  it  and  the  color  produced  eoro- 
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The  Finál  ÁMOy. 

For  the  definite  determination  oř  the  polil  and  silver,  two 
portions  weighing  exactlv  0.25  gnt  are  taken;  the  o  ne  to  serve 
for  the  silver  deterniination  and  the  other  for  the  gold.  The 
former  is  cupelled  with  the  correct  amount  of  lead  and  the  weight 
of  the  gohl-silver  batton  u  detennined. 

If  the  originál  alloy  was  very  white,  it  contains  more  than 
500  thotisandths  fine  of  silver. 

If  the  alloy  was  jKreenish  yellow,  it.  contains  550-750  thou- 
sandths  of  noble  metal,  and  silvrr  is  pnsent  to  a  considerable 
extent 

If,  however,  the  alloy  was  a  beautiful  yellow  oř  reddish  yellow, 
it  contains  more  than  TíK)  thousandths  ní  noble  metal  and  the 
gold  predominates. 

Ifp  therefon\  the  alloy  was  wtúte,  0D06  Sgain  as  much  pure  silver 
is  weighcd  out  as  the  amount  of  pád  found  to  be  proseni  by  the 
preliniínary  assav  (inquartated  with  one  part  of  silver),  and  this 
mixture  is  cupelled  with  the  samé  amount  of  lead  as  the  first  port  ion. 

If  the  originál  alloy  was  preenish  yellow ,  it  is  inquartated  * 
with  two  parts  of  silver;  if  it  was  distinctly  yellow  or  reddish 
yellow  it  is  inquartated  with  2 V  parts  of  silver. 

Treaifíunt  of  íhc  Quurtcred  Gold-Siinr  Hutton. 

The  gold-SÍlver  bottoll  U  removed  from  the  enpel  with  the 
"button  tanga/1  deaned  with  ■  stifT  brush  ("button  brush"), 
and  hammererl  upon  an  anvil  to  a  round  disk  about  1  mm.  thírk 
(Fig,  40,  a),  This  is  heated  upoil  a  fresh  cnpv\  and  quickly  OOOled 
by  placi  ok  it  upon  a  pieee  m  mI  and  rolling  it  between  two 

Bteel  roUere  to  ■  long  strip  (Fig.  40, 6)j  it  is  again  heated  and 
rolled  f  up  as  showii  in  Fig.  40,  c.     This  Uttle  roli  is  placed  in  a 

pared  With  tliat  obtníued  from  alloys  coulainíng  knuwn  amouats  of  polil, 
Afterwnrds  these  stn-uks  are  tested  with  dílu  to  uqua  regia;  alloy s  ion tai ni ng 
the  samé  aíiiouiits  of  gold  are  attaeked  equally  mdSlf. 

*  Cf.  p.  197. 

t  By  hanuiierine;  the  goUWilver  alloy,  íhe  metat  becomea  80  l>ritt)e  that 
;t  cannot  bc  coTvvsrťed  to  a  KBOOth-maigined  r«llr  aod  on  the  sul  tsequeitt 
treatment  with  nitric  sítiti,  tittle  piecos  wotild  prohably  drop  uff.  By  again 
heating  the  metal  and  tbfia  quickly  cooliug,  it  regains  ita  originál  softneas. 


DETERMINATION  OF  GOLD  ÍN  ORES. 


SOI 


little  flask  ( Fig.  4 1 ,  /) .  covered  with  30-40  &c.  of  niirir  ňcid  (sp.f 
gr.  Li sk)  free  řrom  chloride,  heated  ta  boiling  and  kept  eo  for 
ten  minutes.    The  acid  is  then  poured  eff  and  replaeed  by  tlic 


• 


^ 


Fia.  40. 


Fig.  41. 


Bame  amount  of  stnmgeracid  (sp.  gr.  1*295)  and  the  above  tr> 
ment  rcpeated.  After  tliis  acid  is  poured  off,  the  button  is 
washed  hv  decanting  three  times  with  distilled  water,  The  flask 
i-  filled  with  water,  co  ve  rod  with  au  aimeuling  eup  (oř  lack- 
ing  this  an  ordinary  porcelain  crueihle  rnay  be  tised),  and  is 
then  quickly  inverted  (Fig.  41,  //),  wfaeo  the  pik]  will  p 
into  the  cup.  The  flask  is  removed  by  first  raising  its  rnouth 
to  the  Ipvel  of  the  water  in  the  cnieible  Blld  then  sliding  it 
ofF  at  right  angles.  The  water  ifl  poured  oflf  front  the  gold  and 
the  crueihle  is  placed  in  the  hnck  part  nf  the  miifnV  tor  a 
Bhort  time,  whereby  the  gold  is  ilríed  and  m  changed  frorn  its 
former  brown  and  soft  condition  into  a  harder,  beantiful  yellow 
aubstanee.    After   oooling,   it  is   weighed.    By   subtraetiog   the 

nht  of  the  gold  from  the  weight  of  the  gold  and  silver  together, 
the  amount  of  silver  is  obtained. 


Determínation  of  Gold  in  Ores. 

Principle. — The  viry  lim  !v  groU&d  and  sifted  Oře  is  mixed  in 
a  Xo.  f)  Frenrh  cmcible  with  lead  oxide,  eharcoAl,  and  sorne  suit- 
able  Blag-forming  materiál.  The  cb&rcoal  redueeB  a  part  of  the 
lead  oxide  to  metal  whieh  alloys  with  the  nbbie  metal  and 
sinks  to  the  bottom  in  the  forni  of  a  buttnnp  while  the  foreign  sub- 
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l  oefl  should  pass  into  thě  slag.  Aftc  r  rooling,  the  offUCtbli 
broken,  the  slag  is  hammered  off,  the  lead  button  eupelled  ani 
the  silver-gold  button  partit]  ni  i  ho  Bame  way  as  before,  The 
oofafa  motal  sliould  be  extaracted  with  as  little  lead  as  possible, 
for  with  an  unnecessarily  large  amonní  of  lead  somc  gold  h  lost 
dii ring  the  cupellatiom 

The  aniount  of  lead  reduoed  Emm  the  litharge  depends  largely 
upon  the  náturo  of  the  ore.  Sulphide  ores  aut  strongly  redueing, 
as  is  shown  by  the  following  equatiora: 

PbS+2PbO-SO»+3Pb, 

FeS,  +  5Pb(  >  -  2S<  >,  H  řd  )  +  5Pk 

In  such  cases  less  charcoal  (oř  in  somc  cases  none  at  all)  should 
be  added  than  would  be  otherwiae  ik soéaeary  to  produoe  the  right 
amount  of  lead,  or  in  čase  consfcderable  sulphide  is  preseni,  it  is 
sometimes  necessary  to  neutralize  its  action  by  the  addition  of 
oxidissing  agents. 

Hedueing  ores  are  recognued  by  their  color:  they  are  gray, 
bluish-black,  oř  yellow  (pyrite,  etc).  Rcddish-brown  ores  (Fe^O,) 
usually  aet  oxidizing: 

I  o203-f  C-CO  +  2FeO, 

in  whieh  čase  more  charcoal  miist  be  added  to  the  charge. 

The  best  results  an-  obtfti&ed  when  the  lead  button  weighe 
about  18  gms.  when  obtained  from  30  gms.  of  oře.*  Jn  order 
that  such  a  button  may  be  obtained,  it  is  usually  necessary  to 
make  a  preliininary  assay  of  the  oře.  Blit  abnve  all,  it  is  neces- 
sary that  the  purity  of  the  reagents  ušed  should  be  tested* 

Testíng  tbe  Reagents. 
The  or  dináry  reagents  necessary  for  a  gold  assay  are; 

i.  Litharge  (PbO), 

Litharge,  the  most  important  reagent,  is  a  basic  fiux,  for  it 
forms  with  the  silicic  acid  of  the  ore  a  readily  fusible  silicate; 

*  Tbis  a  mou  ii  t  Is  usually  sulhYíciit;  wttb  very  ricli  gnld  ores  10*15  gma. 
jg  euoughf  while  with  very  pour  oms  :uh  mueh  as  120  gint.  rn;rv  be  ušed  to 
advautage.     Cf.  Riekelts  and  Millcr,  Notes  oa  Aasaying,  New  York,  IH97- 
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at  the  samé  time,  however,  it  is  a  desulphurizing  agent,  as  is  shnwn 
by  the  nbnve  reaetion. 

The  litharge  ušed  niust  be  dry  and  free  from  minium,  for 
lbe  latter  oxidizes  silver,  carrying  it  info  the  slag,  so  that  low 
results  would  be  obtained  in  the  silver  determination.  The 
litharge  should  be  frec  from  silver  (which  is  almost  nevěr  the  čase), 
or  its  silver  contents  nnist  be  known;  this  is  deterniined  once  for 
all  by  the  foliu  wing  experiment: 

Litharge 120  gins, 

Sodium  bicarbonate  (NaHCOJ 60    " 

Argols  (cnide  KHCJI.OJ 2    " 

are  mixed  thoroughly  upon  a  sheet  of  glazed  páper  and  the  mix- 
ture  pláce d  in  a  No.  9  French  crucible  and  covered  with  a  layvr 
of  finely-powdcred,  drv  conimon  salt.  The  covered  crucible  is 
placed  in  a  glowing  coke-oven. 

As  soon  as  the  contents  of  the  crucible  háve  reached  the  statě 
jtiiet  fusion,  the  crucible  is  removed  from  the  fire,  its  walls  are 
gently  tapped  by  the  tongs,  and  it  is  lightly  tapped  upon  ita 
hottoin  in  order  to  knock  down  any  sinali  particles  of  lead  adher- 
ing  to  the  sides  and  to  make  all  of  the  free  metal  collect  together 
on  the  bottoni  in  the  form  of  a  button, 

After  cooling  the  crucible  is  brokcn,  the  slag  removed  from 
the  lead  button  by  hammering  it  upon  an  anvilř  and  it  is  čupr  I  led 
upon  a  ctipel  weighing  only  a  few  grams  more  than  the  button 
itselL  The  resulting  silver  button  is  wetghed.  The  amount  of 
silver  obtained  must  be  deducted  whenever  the  corresponding 
amount  of  litharge  is  ušed  in  an  assay. 


2.  Sodium  Bicarbonate  (IfaHCO,), 

3.  Anhydrous  Borax  (Na^B407) . 

2  and  3  require  no  testing, 

4.  Charcoal. 

The  reducing  power  is  determmed  as  follows: 

Litharge  ....  . . . 60  gms, 

Sodium  bicarbonate 15    ťi 

Charcoal 1  gm. 
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are  mixed,  as  in  the  tesťmgof  litharge,  in  a  F  řeřich  riueihle  řío,  9 
with  a  eover  of  ordinary  common  salt  and  fused.     After  cooling, 
the  wcight  of  the  Iead  button  obtained  is  determincd  and  this  ex- 
presses  in  ternis  of  Iead  the  redticing  power  of  the  charcoal. 
1  gm.  of  charcoal  shoukl  reduce  about  30  grns.  Iead. 

5.  Nitře  (KN03) 

serveš  as  an  oxidizing  agent.  Its  oxidizing  power  expressed  in 
terms  of  Iead  is  de  termine*  I : 

Nitře . . . 3  gms. 

Litharge 60    íť 

Charcoal 1  gm. 

Sodiuni  bicarbonate 15  gms. 

are  mixed  and  fused  as  before  and  the  wright  of  the  Iead  button  de- 
termined.  If  under  (4)  it  was  found  that  1  gni.  charcoal  wnukl 
reduce  P  gm.  Iead,  and  if  p  gni.  of  Iead  were  obtained  in  this  »\- 
periment,  theu  the  differencc  P  —  p  shows  the  amount  of  Iead  that 
was  oxidised  by  3  gms.  nitře,  oř  the  oxid  i  ring  power  of  the  nitře. 
1  gin.  nitře  oxidizes  about  4  gms.  Iead. 

6.  Common  Salt, 

Ordinary  table  salt  is  heated  in  a  large  Hessian  crucible  until 
it  melts,  and  the  contents  of  the  crucible  are  ponred  into  a  shal- 
low  iron  mould  witli  a  raised  edge.  The  solid ified  cmst  is  finely 
powdered  and  prcserved  in  a  stoppered  flask. 

After  the  reagenls  liave  all  been  tested  the  next  step  is  the 

Preliminary  Assay. 

Five  granis  of  the  finely-powdered  and  sifted  oře  are  weighed 
out  and  mixed  with: 

Litharge -  80  gms. 

Sodium  bicarbonate 20    '* 

Borax , 5    " 

placed  in  a  crucible  and  covered  with  a  layer  of  common  salt .  After 
fusing,  cooling,  and  hainiiieríng  off  the  slag,  the  Iead  button  ob- 
tained  is  weighed. 

Since  in  an  ordinary  assay  we  start  with  30  gms.  of  oře,  the 
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weight  of  the  lead  button  now  obtained  niultiplied  by  6  will  give 
the  weight  of  the  button  from  the  reál  assay,  We  will  distinguish 
four  cases: 

(1 )  The  lead  hutiem  weighs  3  gms. 

Consequently  the  button  obtained  from  30  gms.  of  oře  woukl 
weigh  18  gms.  In  this  oase  the  ore  fa  assayed  with  the  following 
proportions  of  flux : 

Oře 30  gms, 

Litharge  , . .  < 80    M 

Sodiuni  btearbonate 20    u 

Borax 5    " 

(2)  The  lead  button  weighs  less  tkán  3  gms. 

Evidently  the  ore  acts  rcdueingly,  but  not  enough  so  to  yield  a 
button  weighing  18  gma  when  30  gnis.  of  oře  are  ušed;  it  is, 
therefore,  necessary  to  add  rharcoal  to  the.  řlux. 

Example, — Ixít  us  assume  that  the  lead  button  obtained  by  the 
prelimlnary  assay  weigh ed  1  gm.,  then  the  button  obtained  fn-m 
30  gms,  of  oře  woukl  weigh  6  gms.  In  order  to  obtain  a  button 
weigh ing  18  grnB.it  is  necessary  to  add  enough  charcoal  to  supply 
12 gms.  of  lead,  If  1  gm.  of  charcoal  was  found  to  reduce  30  gms* 
of  lead,  then  it  ia  necessary  to  add  12-^-30  gms.  =  0,4  gms.  of 
charcoal. 

(3)  The  lead  hutton  ireigks  more  than  3  gms* 

In  this  čase  the  ore  has  a  strong  reducing  power,  and  to  obtain 
the  had  button  of  the  right  weight  it  is  necessary  to  add  sonie  nitře. 

Example. — Suppoati  the  button  to  ffleigb  6  gms.;  this  Would 
mean  a  36-gm..  button  when  30  gms,  of  ore  were  ušed;  i.c.  18  gm 
fcoo  Dtueh  lead  would  be  produced.  We  must  add,  therefore, 
enough  nitře  to  oxidize  this  1Š  gms.  of  lead.  If  the  oxidizing  power 
of  l  gm.  of  nitře  was  found  to  be  4  gms.  of  lead,  then  18-^4  =  4.5 
gms.  of  nitře  must  be  added  to  the  flux. 

Rt-mark.— Ores  which  háve  a  verv  strong  peďUCfag  power  would 
frequently  requirc  the  addition  of  enough  nitra  to  MMM  tbo  CO©- 
tents  of  the  crucibk  to  boil  oves\  In  suHt  a  CftSBj  abotzt  40  50  gms, 
are  placed  in  a  "roasting-dish"  and  roasted  in  a  muffle,  and  from 
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this  roasted  oře  the  portions  are  taken  for  the  preliniinary  and 
finál  assays.  The  results,  however,  must  be  expressed  in  terms  of 
the  unroasted  oře. 

(4)   Thcrc  ÍS  no  Umí  hutton  formuL 

The  oře  is  elther  neutra)  oř  possesses  an  oxidizing  actiom  The 
assay  is  repeated,  using  1  gm,  of  charcoal,  and  froni  the  řesults 
now  obtained  the  finál  assay  is  based. 

Finál  Assay. 

For  the  finál  assay  from  30-120  gros.  of  ore  are  taken  (aceording 
to  the  amount  of  gold  present)  and  the  corresponding  aniount  of 
sodium  biearbonatc  is  added.  The  amount  of  litharge  also  \i> 
with  the  aniount  of  ore,  and  in  sonie  easesasmueh  as  240  gms.  are 
nceessary,  although  as  a  rule  80  gms.  are  suffieient,  Otherwiae  the 
proceduře  is  exactly  the  samé  as  in  the  preliminary  assay.  The 
lead  button  is  eupelled  and  the  weighed  silver-gold  button  is 
parted  as  deseribed  on  p.  201, 

PLATINUM,  Pt.     At  Wt.   194.8. 

Platinum  is  best  determined  as  metallic  platinum. 
The  folio  wing  three  cases  will  be  emisideml: 

1.  Tlie  platinum  is  present  in  a  hydrochloric  acid  solution 
either  alone  or  together  with  other  metals,  but  other  platinum 
metals  are  absent. 

2.  The  platinum  is  present  alloyed  with  gold  and  silver. 

3.  The  platinum  is  alloyed  with  small  amounts  of  the  plati- 
num metals  together  with  sinali  amounts  of  base  metals. 

i.  Tlie  Platinum  is  Present  in  Hydrochloric  Acid  Solution  Either 
Alone  oř  Together  with  Other  Metals. 

The  platinum  is  either  přeci pitated  from  the  solution  as  aninm- 
nium  ehloroplatinate,  (NH/)3PtClfiT  which  is  deconi  posed  by  ignition 
and  the  residual  platinum  weighed;  or  the  platinum  is  preeipi- 
tatrd  as  metal  by  the  addltJon  of  reducing  agents  to  the  solution; 
nr  linaíly  the  platinum  m  preeiphated  as  sulphide  by  rondueting 
hydrogen  sulphide  into  the  bot  BOhltíon  and  ehangod  to  platinum 
by  ignition.     Tlie  fcwo  former  methotls  serve  to  separate  platinum 
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iron  tlier  metals,  while  the  latter  serveš  to  separate  plati- 

num  onlv  froni  the  metals  of  the  alkali,  alkaline  earth,  and  amtun~ 
nium  sulphide  groups,  and  not  from  niembers  of  the  hydrogen  sul- 
pfaide  group* 

(a)  Přeci  pitat  ion  oj  Pfatinuw  as  Ammonitun  Chlornpíatinotr . 

The  solutiniiT  euneentrated  as  much  as  possible,  is  nearly  m  u- 
tralized  with  ainiiioiiia.un  eoccattof  aminoflilim chloride  and  censid- 
I -tmU.-  rdeohol  arcadcled,  and  the  mixture  allowed  to  starul  twrlvr 
hours  under  a  glass  bell- jar.  It  is  fchen  filtered  through  an  11 
filter  tube  10-15  CUL  long,  washed  with  80  |*er  rent.  alrohul  untíl 
a  few  drops  < *f  the  filtráte  leave  no  rcsidue  <>n  bcing  evaporated 
tu  drvness  on  a  platinuni  fnil.  The  precipitate  is  drieil  by  con- 
ducting  a  strcam  of  air  wunned  to  about  90°  0.  through  the  tube. 
After  cooling  the  tube  is  weighed,  a  ping  of  ignited  asbestos*  is 
iuTroduced,  and  the  tube  is  again  weighed;  in  this  way  the  weight 
of  the  asbestos  plug  is  found.  A  streain  of  drv  hydrogen  is  110W 
conducted  through  the  tube,  and  the  latter  is  heated  at  as  faw  a 
tem  pera  tu  re  as  possible  until  no  more  hydrochloric  acid  is  evolved 
and  all  the  ammoniiun  chloride  has  been  driven  off,  after  which  the 
tube  is  eookd  in  a  ctericoator  and  weighed. 

butead  of  filtering  the  precipitate  upon  asbestos  an  un- 
iragfaed  paper-filter  rnay  be  ušed.  The  moist  precipitate  is 
placed  together  with  the  filter  in  a  large  porcelain  crucible 
so  that  the  apex  of  the  filter-paper  points  upward,  and  the 
eovered  crucible  is  then  ignited,  This  IgnHton  must  be  perfoimed 
with  great  care,  as  otherwise  there  can  be  a  considerable  loss  dnr- 
ing  the  process.  At  first  the  preeipttata  U  dried  by  ^rntlv  warm- 
ing  the  eovered  crucible,  and  when  the  odor  of  alcohol  has  disap- 

ired,  the  temperature  ifl  raised  verv  slnwly  until  the  erucihh  i 
a  strnng  red  heat.  Puring  the  whole  operatíon  there  must  be  no 
visible  escape  of  vapors  fmin  the  crucible  The  denmipusiťmn  is 
plete  when  there  is  110  longer  a  penetrating  odor  arising  fmtn 
the  eovered  crucible*  When  this  point  is  reached,  the  cover  (wh 
under  side  will  be  eovered  with  carbon)  is  removed  for  the  first 
time  and  leaned  against  the  crucible  and  the  contents  of  the  latter 

*  Amnummiii  cliloroplaťmate  deerepttates  during  the  heating.  To  pra- 
veni loss  of  substance  it  is  heated  betweeu  two  asbestos  plugs. 
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are  ignited  with  free  aceess  of  air  unt.il  the  C&rbon  from  the  filter- 
paperis  completHv  burned.  Ofteii  a  Blighi  deposit  of  platinum  * 
will  be  fuuiul  is  the  upper  part  of  therruoible  and  upnu  the  oover, 
80  ihut  the  iatter  must  always  be  weighed  with  the  crueible. 

lutnark. — If  it  seems  likely  thftt  the  proripitate of  ammoitium 
ťlilnroplatinate  is  contaminated  witti  nther  substance  (e,g,  bo- 
diiiin  chloride,  ete.)  the  precipitate  can  be  dkoolved  io  water  after 
it  has  been  washed  with  alcohnl  and  dried.  The  platinum  may 
then  be  drtermined,  as  deecribed  on  p.  46,  by  preripitating  with 
mercury,  wrashing  with  dihite  hvdroehloric  acid  and  then  with 
water,  and  finallv  weighing. 

The  rcsults  obtained  by  this  inethod  are  satisfactory  but  sonie- 
what  lower  than  the  true  values;  the  following  process  is  more 
acc  uráte: 

(b)  Preeiptíation  o}  Platinum  bij  Rcducing  Agente. 

The  sohitkm  is  freed  frona  any  excese  of  acid  by  evaporation, 
placed  in  an  Erlenmeyer  flask  into  the  neek  of  which  is  ground 
to  fit  a  return-flow  condenser,  The  aolution  is  neutra  li  zed  witham- 
nmriia,  an  exeess  of  formic  acid  and  a  little  ammonium  acetate  are 
ftddedj  and  the  contents  of  the  flask  after  beingdiluted  to  a  volume 
of  200  c.c.  are  heated  to  about  80°  C.  on  the  water-bath  nntil  the 
evolution  of  carbon  dioxidc  has  nearly  ceased,  The  flask  ia  now 
coimeeted  with  the  return-flow  eondenser,  and  its  contents  boiled  for 
t  wenlv-four  hours.  The  precipitated  metal  is  filtered  off,  washed 
with  (lilute  hydrochloric  acid,  then  with  water,  dried,  ignited,  and 
weighed. 

2,  The  Platinum  is  Alloyed  with  Gold  and  Silver* 

An  alloy  ia  seldorn  found  which  contains  only  the  above  three 
noble  metals;  iisually  copper  is  also  present.  The  hrst  step,  then, 
is  to  separate  the  noble  rnetals  from  the  others  by  cupellation  with 

*  By  means  of  the  dry  distillntion  of  the  filter,  earboiiic  monoxide  is  fon  i  kbd, 
and  hy  the  decomposiťimi  q|  thfl  ainmomum  chloroplatmate  chlnrine  is  set 
free.  These  fcwo  gases  net  upru  tlu-  im-tallic  platinum  and  fonn  volatile  com- 
pounds    (PtGlfl.00,    Ptdr2CO,  m  ,  which,  liowevcr,  m    láteř 

dcconi  posed  by  the  aqui  >r,     This  causes  the  deposit  of  platinum  in 

the  npper  part  of  the  rrucibk\  ln  order  to  avoid  loss,  a  large  orucible  shouid 
be  ušed. 
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lead  as  described  on  p.  197,  after  which  the  hammered  and  rolled 
button  is  treated  with   pure  roiicentratod  sulphuric  acid.     [Xit.ric 

i  1  annol  be  ušed,  for  simie  platinum  would  bc  dissolved  with 
the  silvet\]  After  boiling  for  ten  minut.-,  the  silver  will  bc  eoin- 
pletely  dissolved,  provided  at  least  two  parte  of  silver  are  present 
for  each  part  of  platinum,  which  is  usually  the  čase.  lf  more 
platinum  is  probably  present  than  eorresponds  to  the  ftbove  Hktio, 
pure  silver  should  be  added,  and  the  mix  tu  re  cupelled  onee  more 
with  1  gni.  of  lead. 

After  the  alloy  has  been  Ixiiled  for  ten  minu  tes  with  sulphuric 
aeid  it  is  allowed  to  cool,  filtered,  and  the  treatment  with  sulphuric 
acid  repeated  once  again.  The  metal  rcmaining  behind  (in  the 
form  of  a  roli  oř  as  a  powder)  is  washed  three  ťmies  by  deeantation 
with  water,  ignited,  and  weighed  as  deseribed  under  gold.  Thia 
i«íht  of  the  gold  and  the  platinum  together,  and  by  sub- 
tracting  this  amount  from  the  originál  weight  of  the  nohle  metala 
obtained  after  cupellatkm,  the  weight  of  the  silver  is  obtained. 


Separation  of  Gold  from  Platinum. 

Principk. — lf  an  alloy  of  gold  and  platinum  is  treated  with 
nitric  acid,  neither  metal  is  attacked.  Ift  however,  the  alloy  con- 
tains  three  parta  of  silver  to  one  of  gold  and  platinum  taken  to- 
gether,  and  the  alloy  is  treated  at  first  with  acid  of  sp,  gi\  L16  and 
then  with  acid  of  sp.  gr.  1.28,  the  platinum  gradually  goes  into 
sólu t ion  with  the  silver. 

Procedur*. — The  gold-platinutn  alloy  is  cupelled  with  three  tinies 
ita  weight  of  pure  silver  and  1  gm.  of  lead,  the  resulting  button  i» 
hammered  and  rolled,  after  whieh  it  is  treated  with  nitrie  acid  (of 
the  strength  stated  above),  and  the  residual  metal  weighed.  It  is 
again  cupelled  with  three  partfl  of  pure  silver,  and  the  samé  proo 
ess  repeated.  This  is  continued  until  a  constant  weight  is  finally 
obtained  for  the  residual  gold;  the  third  operation  usually  aeco 
plishes  this. 

Instead  of  effeeťmg  the  separation  of  the  gold  from  the  platinum 
Í0  this  way,  the  two  metala  may  be  dissolvetl  in  aqua  regia,  and 
the  gold  precipitated  by  means  of  ferrous  suJphate,  as  deseribed  on 
p.  195.    This  is  a  good  method. 
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According  to  Vanino  and  Soeman,*  the  separation  is  effected 
much  umře  quickly  by  prcci  pitating  the  gold  from  an  alkaline 
solution  by  means  of  hy  drogou  peroxide.  In  order  to  de  termine 
the  platinum,  it  is  prcci  pitatod  from  the  boiling  acid  filtráte  by 
•ti  sulphtde  and  weighed  as  metal  after  igmtion  in  a  porce- 
lain  erucible. 

Anály  sis  of  Commercial  Platin  um,  according  to  Deville  and  Stas. 

Five  grams  of  the  platinum  alloy  f  are  heated  for  five  hours 
at  a  tempera  ture.  of  about  1000°  C.  with  ten  tinies  as  much  lead 
in  a  erueible  of  purified  gas-carbon;  this  erucible  is  embedded  in 
one  of  clay  whieh  is  filled  with  charcoal.  After  cooling,  the  Icad 
button  is  treated  With  vory  dilute  nitric  acid  until  tliere  is  no 
Ion  p i  r  i  n y  gas  e vol  ved . 

ín  this  way  a  solution,  A,  is  obtained,  containing  about  98.4 
per  cent.  of  the  lead  ušed,  all  the  palladium  and  eoppenandsmall 
amounts  of  platinum,  rhodium,  and  iron,  and  a  residue*  B,  consist- 
ing  of  a  black  nictallic  powder,  whieh  is  filtered  off,  and  will  contain 
the  remainder  of  the  platinum  and  rhodium  with  all  of  the  iridium 
and  ruthenium. 

1.  Trcatment  of  the  Nitric  Acid  Solution  A. 

The  lead  is  precipituted  by  the  additioo  of  slightly  more  than  the 
theoretical  amount  of  sulphuric  acid,  and  filtered.  If  the  lead  sol- 
phate  is  pure  white,  it  is  washed  with  dilute  sulphuric  acid.  If  it 
is  not  absolutely  white,  it  is  washed  with  a  solution  of  arnmonium 
carbonate  until  it  becomes  so;  small  aniounts  of  lead  are  dissolved 
by  ti íis  operation,  This  last  wash  liquid,  therefore,  is  eoncen- 
ttttted,  to  prccipitate  the  lead  carbonate,  filtered.  and  after  making 
acid  with  hyilroehloric  acid,  added  to  the  main  filtráte. 

The  solution  is  evaporated  to  about  100  c.c.t  and  when  cold  is 
poured  into  a  satiiratod  solution  of  arnmonium  chloride.  The 
mixture  is  heated  to  boiling  and  allowed  to  coul  ugaim  The  am- 
Tnonium  ehloroplatiiuito  is  filtered  <>ff  and  washed  with  a  Baturated 
solution  of  arnmonium  chloride;  in  this  way,  the  greater  part  of 
the  platinum  is  obtained. 

♦  Berichte  1899,  p.  1071. 

t  All  counmriia!  platinum  contains  other  platinum  metals,  especially 
iridium. 
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The  filtráte  from  the  platinum  precipitate  is  boiJed  with  forniic 
acid  and  aninmnnim  acetate  as  deaoribed  oo  p,  208,  6,  In  this  čase 
the  remainder  of  the  platinum,  the  palladium,  and  the  rhodium  wiU 
be  precipitated.  These  metais  are  filtered  otT,  and  the  copper  and 
iron  are  detennined  in  the  filtráte  Id  the  usua)  way.  The  formic 
acicl  precipitate  (conffigtiiXg  of  a  blaek  metallic  powder)  i*  dried  and 
fuaed  with  potassiutn  bisulphate  in  a  poreelam  erucible.     The  melt 

eatcd  with  water,  the  solution  decanted  froni  the  unattaeked 
platinum  and  washed  alUTiiaielv  with  aninioniurn  carbonate  and 
nitric  acid  (to  remove  traces  of  lead  sulphate),  then  with  dilute 
livdrofiuoric  acid,  and  finally  with  water;  it  is  then  dried  and 
weighetL  The  filtráte  from  the  platinum  contains  palladium  and 
rhodium.  The  former  is  precipitated  by  the  addition  of  mercuric 
cyanide,  and  boiling  mitil  the  odor  of  hydrocyanic  acid  has  disap- 
p  ared.  The  voluminoiis,  yellowish-white  precipitate  of  palladous 
cyanide  is  washed  first  by  decantation,  then  upon  the  filter,  dried,  and 
igUÍtod  at  first  cautiously  and  then  stronglv  over  the  blast  until  the 
paracyankle  is  completely  destroyed;  finally  heating  in  a  current 
of  hydmgen  (as  in  the  čase  of  copper  sulphide,  p.  146)  in  order  to 
reduce  any  palladium  that  has  been  oxidized  by  the  prcvious  treat- 
ment.  As  soon  as  the  fláme  is  renioved,  the  supply  of  hydrogen  is 
at  once  cut  off  in  order  to  prevent  itfl  being  absorbed  by  the  metal. 
The  palladium  is  wetgbed  after  cooling. 

The  rhodium  is  precipitated  from  the  filtráte  by  meansof  formio 
acid,  as  before,  and  the  deposit  ed  metal  is  dried,  ignited  in  a  stream 
of  hydrogen,  ailowed  to  eool  in  the  gas,  and  then  weighed, 

2.   Treuimeni  oj  the  Residue  B, 

The  washed  residue  is  warmed  with  dilute  aqua  regia  (in  this 

2  voL  nitric  acid,  B  vol.  hydrochlorie  acid„  and  90  vol  water) t 

and    ix  this  way  solution  C  is  obtained,  whieh  contains  the  rest  of 

the  lead,  platinum,   and   rhodium,  and   residue   D,  consisting  of 

lamelke  of  iridium  and  ruthenium, 

3-  Treatmvnt  oj  Ai  Solution  C. 

After  evaporating  to  asmall  volume,  the  lead  is  removed  by  sul- 
phurie  acid,  the  solution  again  evaporated,  taken  up  in  hydro- 
chloric  acid,  and  the  platinum  present  is  precipitated  by  pouring 
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into  a  cold  saturated  solution  of  ammonium  chloride  exactly  as 
deseribed  under  1,  p.  210.  The  platinum  přeci  pitate  contains  a 
little  rhodium,  and  after  wrashing  it  with  a  saturated  solution  of 
ammonium  chloride,  it  is  placed  at  one  side  for  the  time  being, 

The  filtráte,  togcther  with  the  wash  water,  is  evaporated  nutil 
more  platinum  and  rhodium  separate  out  OB  cnnling,  and  this  prc- 
ci pitate  is  filtered  off  and  washed  as  before. 

Kotli  filters,  to^ether  with  the  prcHpitates,  are  now  placed  in  a 
small,  weighed  porcelain  dish.  dried,  and  redured  at  as  low  a  teru- 
perature  as  possible,  in  a  stream  of  ilhiminating  gas,  and  hcated 
somewhat  in  a  muffle  so  as  t«>  remove  the  eaiboo  from  the  niter. 
The  metal  thus  obtained  (platinum -f  rhodium)  is  weighed.  For  the 
separation  of  the  rhodium  from  the  platinum,  the  spongy  metal  is 
heated  in  the  samé  dish  with  potasshnn  bisidphate,  graduaDy  r 
ing  the  temperature  until  a  duH-red  heat  is  obtained.  After  rool- 
ing,  the  melt  is  extracted  with  water,  the  unattackcd  platinum  (it 
may  still  contain  small  amounts  of  rhodium)  is  filtered  ofT,  washed, 
and  again  fused  with  potassiiim  bisulphatc.  This  operát ion  is 
repeated  until  the  rhodium  is  completely  extracted,  which  is  knmvn 
by  the  melt  showing  no  yellow  color  after  ten  mi  nu  tes. 

The  platinum  is  washed,  ignited,  and  weighed  as  described 
under  1. 

The  combined  fi]  tra tes  from  the  platinum  contain  rhodium  and 
still  a  little  platinum.  Ammonia,  acetie  and  fortnie  acids,  there- 
fore,  are  added  0BO6  more,  and  the  solution  boiled  for  a  long  time. 
The  precipitated  metal  fa  filtered  off,  ignited,  weighed,  aftenvard 
fused  at  a  dis  ti  ne  t  red  heat  with  potassium  bisulphate,  and  the 
cold  melt  extracted  with  water.  If  a  residue  remains  after  this 
treatment,  it  is  filtered  ofFf  weighed,  and  treated  with  dilute  aqua 
regia.     If  it  dissolves,  it  is  platinum;  if  it  does  not,  it  is  rhodium, 

The  filtráte  from  the  ammonium  chlnrnplatinate,  which  con- 
tained  suiiip  rhodium,  is  diluted.  fonnic  aeid  and  ammonium  ace- 
tate  are  added,  and  it  is  gently  boiled  for  two  oř  three  days  in  an 
Erlenmeyer  flask  connected  with  a  return-flow  condenser.  The 
liquid  evaporates  somewhat  in  špite  of  the  conuYnser,  and  the  evap- 
orated  part  is  replaced  from  time  to  time  with  a  dilute  solution  of 
ammonium  formáte.  In  this  wav  sinali  amounts  of  platinum  and 
rhodium  are  precipitated,  which  are  filtered  off  and  separated  by 
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fuskJD  with  potassium  bisulphate  as  beforc.     In  thc  filtráte  therc 
are  hkelv  to  l>r  prescnt  traecs  of  platínurn,  rhodium,  and  inui, 

Thc  iron  ís  first  removed  by  the  addition  of  ehlorinc  watcrand 
afterward  a  mm  o  ni  a;  thc  ferric  hydroxide  Lb  fi  ltcred  ofVignited.und 
weighed.  In  ordcr  to  rcrnovc  thc  btfrt  traces  of  platinum  and  rho- 
dium, this  last  filtráte  Ís  cvaporated  to  drvness,  the  residue  heated 
with  nitric  acid  in  ordcr  to  removc  the  ammonium  chloride  rom- 
pletely,  and  therr  hojled  for  a  long  timc  with  forniie  acid  and  am- 
monium  acetate.  The  trarea  OÍ  metal  thus  obtained  are  washed 
with  hydrofluoric  acid  and  added  to  the  main  port  ion  of  platinum 
and  rhodium. 

4.  Trcatmtnt  oj  the  Residue  D. 

Theundissolved,gray  lamella*  consisting  of  iridium,  ruthenhim, 
and  small  amounts  of  iron  obtained  by  the  action  of  dilutc  aqua 
regia,  are  filtered  off,  dried.  ignited  in  an  atmosphere  of  hydrog 
or  illuminating  gas,  and  weighed, 

The  weighed  metal  is  then  fused  in  a  pure  gold  crueible  with 
potassium  nitráte  and  carbonate.  For  i  his  purposr,  a  prcvinusly 
melted  niixture  oř  3  gms.  potassium  nitráte  and  10  gms.  potassium 
carbonate  is  plaecd  in  the  erueible.  thc  metal  added,  and  the  mix- 
ture  heated  for  two  hours  at  a  dull-red  temperatunv  In  this  way 
the  ruthenhim  is  ehanged  rntnpletcly  int«>  water-soluble  potflflttlXID 
ruthenatc,  K,Ru(.)4t  and  thc  iridium  is  oxidiaed  to  Ir3t>a;  the  laltcr 
funus,  to  somc  extent  k  a  sol  uhle  rnnipmind  with  the  alka  li. 

The  melt  is  treated  with  watertand  the  solution,  togethe  with 
the  suspended  Ir^O.,,  is  poured  toto  a  stoppered  evlindcr,  thc  pn-- 
cipitatc  allowed  to  set  tle,  and  the  rlear  liquid  deeanted  off  into  a 
retort. 

Thc  residue  remaining  in  thc  eylínder  is  eovered  repeatedly  with 
1  dilute  Bolution  of  sodium  hypoehlorite  and  sodium  earbnnute, 
until  the  yellow  color  is  completely  removed,  The  deeanted  liquid 
is  added  to  the  main  solution  in  the  retort,  This  solution  eon- 
ains  all  the  ruthenium  and  a  part  of  thc  iridium.  It  is  saturated 
with  chlorine  in  the  eoldt  distilled,  and  thc  distíllate  rceciveil  in  a 
mix  ture  of  alťohol  (distilled  over  potasahUĎ)  and  pure  hydro* 
chloric  acid. 

After  the  distillation  is  complete,  the  alenholie  distillate  is  evap- 
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orated  tr>  dryness,  and  the  rathenmm  chloride  thus  obtained  is  re- 
duced  to  metal  by  heaťmg  in  a  stroani  of  hy dražen.  After  weigh- 
ing,  the  purity  of  the  ruthenium  is  tested,  It  musí.  dissolve  mm- 
pletely  in  a  eoneentrated  solution  of  sodium  hypochloritc. 

The  liquid  remaining  in  the  rotoři  i>  ovaporated  to  a  small  vol- 
ume, the  insuluble  residuc  remauring  in  the  eylinder  (that  was 
washod  with  sodium  hypochlorite  and  sodium  earbonate)  is  added, 
and  the  mix  ture  boiied  with  caustic  soda  solution,  with  the  addi- 
tion  of  a  little  aleoho],  until  all  of  the  iridium  is  precipitated. 

The  dark-blue  precipitate,  consistingof  iridium  oxide  and  srna  11 
amounts  of  ferrie  hydroxide,  is  filtered  off,  washed,  and  strongly 
ignited.  The  ferrie  oxide  eontained  in  it  is  then  extracted  with 
hydroehloric  acid  eontaining  some  ainmonium  iodide,  and  the  re- 
sidual  iridium  oxide  is  washed  sureessively  with  water,  chlorine 
water,  and  hydrofluoric  aeid  in  order  to  remove  gold  that  eame 
from  the  crucible  and  silicic  acid  from  the  caustic  soda,  It  is  then 
ignited  in  hydrogen  and  the  iridium  weighed. 

The  iron  present  in  the  hydroehloric  acid  extract  is  precipitatrd 
as  ferrie  hydroxide,  ignited,  and  weighed.  Its  purity  is  tested  by 
heaťmg  in  a  stream  of  hydrogen  and  hydroehloric  aeid,  to  see  if  it 
ean  i>e  eom  pletely  ehanged  to  ferrous  chloride  and  volatilized  as 
such. 

1\  My  li  us  and  P.  Forstcr*  háve  recommended  that  platinum 
be  nsted  for  small  amounts  of  impurity  by  taking  three  separate 
portions  each  weighing  10  gms.  The  first  portion  is  tested  for 
palladium,  iridium,  and  ruthenium  acoording  tf #  the  lead  pro- 
ceilurc  just  deseribed  of  Deville  and  Stas,  The  second  portion 
íerveB  for  the  iron  determination;  the  metal  is  dissolved  in  aqua 
rrgia,  the  platimim  metals  precipitated  by  fonnic  aeid,  and  the 
iron  detennined  in  the  filtráte,  In  the  thirrl  portion,  rhodium, 
sUveTj  copper,  and  lead  are  detennined  by  volatilizing  the  plati- 
num as  PtCLCO  at  238°  C.  (temperature  of  boilkig  quinoline)  in 
:i  -tream  of  rarbnn  monoxide  and  ehlorine,  and  determining  the 
above  substances  in  the  residue. 

Remark. — The  determination  of  the  iron  in  a  separate  portion  is 
to  be  recommended,  for  in  the  lead  proceduře  Bome  iron  is  always 
obtained  from  the  carbon  crueiblr. 


*  Berichtc  1892,  p.  665. 
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Seleni™,  Se.    At.  Wt,  70.1. 

Selenium  is  usually  determined  as  the  element  itself . 
Three  cases  are  to  be  considered: 

L  The  selenium  is  present  as  alkali  seleni te  oř  as  seleinous  acid. 
II.  The  selenium  is  present  as  alkali  selenate  Gt  as  selenic  acid* 
III,  The  selenium  is  present  as  potassium  selenocyanide. 

I.  The  stlťtuiun  is  present  as  sclenite  or  as  Jree  MhttlotM  OG& — 
The  solution  is  acidified  with  hydrochloric  acid,  saturated  with 
sulphur  dioxide  gas,  lw>iledt  filtered  through  a  Qoocb  erucible,  and 
washed  first  with  water,  then  with  aleohol.  The  residue  is  dried 
at  W»°  a  sud  weighed. 

Rvmark. — The  precipitation  of  selenium  by  sulphur  dioxide  is 
always  quantitative  whether  the  solution  is  concentrated  or  dilute, 
whether  it  contains  much  oř  little  free  acid.  This  latter  fact  is  of 
importance  in  the  separation  of  selenium  froni  tellurium,  for  the 
latter  element  is  not  precipitated  by  sulphur  dioxide  when  consid- 
erable  hydrochloric  acid  is  present  (cf.  p.  219). 

Phosphoric  acid  does  not  preeipitate  selenium  from .  rold,  dilute, 
stroiiřrly  acid  solutions;  this  fact  is  made  use  of  in  the  separation 
of  selenium  from  niercury  (cf.  p.  218). 

II.  The  selenium  is  present  as  alkali  selenate  or  as  {rte  selenic 
aeid. — As  selenium  in  the  form  of  selenic  acid  is  not  precipitated 
by  sulphur  dioxide,  phosphoric  acidř  or  hydrogen  sulphide.  it  must 
be  first  reduced  to  sclenous  acid  by  long-eontinued  hoiling  with 
hydrochloric  acid  (cf.  Vol.  1,  p.  443);  the  above  proceduře  is  then 
foUowed. 

III.  The  selenium  M  present  as  potassium  selenocyanidc. — The 
solution,  concentrated  as  much  as  possible,  is  treated  with  hydro- 
chloric aríd.  boiledj  allowed  to  set  tle,  and  the  preeipitate  filtered 
through  a  Gooch  erucible,  dried  :it  106^  (X,  and  mjghed. 

Remnrk. — From  verv  dilute  solutions  of  potassium  selenney- 
anide,  selenium  separates  ont  (Hily  vcry  stowly  accordinp;  to  this 
met  hod;  it  is  therefore  advisable  to  concentrate  the  solution  fte 
much  as  poesible,  bul  when  this  cazmot  be  doně,  the  boiling  with 
hydrochloric  acid  should  be  eontinued  for  sonie  time  and  the  liquid 
allowed  to  stand  before  filtering. 
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In  practioe,  selenium  is  obtained  usuaUy  in  none  of  the  above 
forms,  but  as  impure  welenilim  (selenium  sponge)  oř  as  selenide, 
and  by  the  treatnient  of  these  substances  one  oř  the  other  of  the 
above  selenium  compounds  is  obtained. 

If  the  selenium  oř  selenide  is  frejftd  upon  by  concentrated  nitric 
acid,*  oř  aqua  regia,  all  of  it  is  dissolved  in  the  form  of  selenous  aeid 
(not  selenic  acid).  After  evaporating  the  solution  several  times 
with  hydroehlorie-  acid  in  order  to  remove  the  excess  of  nitric 
atifd*  the  šelfnititn  is  precipitated  by  sulphur  dioxide  as  doacribed 
under  L 

tf  the  fiiiely  powdered  selenium  oř  selenide  is  inttniately  mixed 
with  two  porta  sndium  carbonate  and  one  part  potassiurn  ni- 
tráte, placed  in  a  nickel  crucible,  covered  with  a  laver  of 
Búdnixn  carbonate  and  potassium  nitráte  and  heated  izjadually 
un til  it  fuses,  all  the  selenium  forms  alkali  selen ate  and  on  ex- 
fcraoting  the  melt  with  water  it  goes  into  solution;  in  this  way  it 
is  sepurated  from  most  of  the  remaining  oxides.  The  solution, 
hnwever,  nfteri  contains  email  anmmits  of  lead.  In  order  to  re- 
move the  latter,  the  filtráte  is  treated  with  hydrogen  sulphide, 
and  again  filtered ;  the  solution  is  freed  from  hydrogen  sulphide 
by  boiling.  strrm^ly  acidiťied  with  hydrnchloric  acid,  boiled  imtil 
no  more  ehlorine  is  evolved  and  the  selenium  is  precipitated  by 
sulphur  dioxide  according  to  IL 

Rrmark  1. — The  mix  ture  must  be  heated  very  slowly,  as  other- 
wise  sonie  selenium  is  likely  to  be  lost  by  volatilization. 

Selenium  and  verv  many  selenium  rompoimds  may  besatisíac- 
turil v  determined  ;js  folíows:  The  drv,  íinely  powdered  sponge  is 
f ušed  at  as  low  a  temperature  as  possible  in  a  current  of  hydrogen  f 
with  twelve  times  as  much  potassium  eyanide.  After  the  ir 
has  fused  (juietlv  for  :ih« nit  nfleen  miímtes  it  is  alluweíl  to  cool  in 
hydrogen.  It  is  then  extracted  with  water,  the  solution  is  heated 
to  boiling,  and  analvzed  aecording  to  11 L 


*  Mer<  urv  oyi&kle  is  amotad  Úpou  bf  nitric  acid,  but  is  dissolveci  by 
nqua  niziri 

|  A  Rose  crucible  (Fig.  32,  p.  146)  is  ušed,  oř  a  round-bottomptl  flask 
with  a  iori£  neck  made  of  diffimlily  Fuatble  ídass,  From  táůch  the  mr  ie  reptaced 
bv  hydrogen.  In  fcbe  latter eaae  tbe  delivery-tube  tmisl  beao  wide  thatthe 
neck  of  the  Ba*k  is  neariy  fillnl  with  it. 
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Rvmark  2.— It  is  neeessary  to  boii  the  solution  of  potassium  s<- 
lem  kyanide  before  aeidifying  it,  fnr  sinali  amounts  of  potassium 
sdcnide  (K2Sr)  :\vt:  :dmost  always  pfetent,  aml  OD  aeidifyinír  with 
hydroehloric  acid  t his  is  dftfKfflipofWKi  with  evolution  of  hydro- 
gen  selenide.  ( >n  boiling,  the  potassium  selenide  is  changed  to 
potassium  selenocyanide  according  to  the  equation: 

g£e  +  KCN  +  H20  +  O  ><- 2KOH  +  KCNSe. 

TELLURIUM,  Te.     At.  Wt,     127=0. 

Teilurium    is  Ufiually  detennined  as  the  rlrmnit  itself. 

If  sulphur  dioxide  is  conducted  into  a  hydroehloric  acid  sólu- 
lion  cnntaining  tellurous  acid,  blaek  teilurium  is  quantitatively 
predpitated,  providrd  the  salut  ion  does  not  rontam  too  much  acid. 
If  IrlluriMis  acid  Ls  dissolved  in  200  c.c.  <*f  hydrochloric  acid,  sp.  gr. 
1.175,  DO  teilurium  will  be  precipitated  on  passing  sulphur  dioxide 
into  the  cold  solution,  If,  however,  the  solution  Ls  diluted  with 
an  equal  volume  of  water  and  sulphur  dioxide  is  passed  into  the 
hníling  solution,  all  the  teilurium  will  be  precipitated,  The  pře- 
eipitaťe  is  filtered  off,  washed  with  water  until  free  froni  ehlorides, 
then  with  aleohol,  dried  at  105°  C.  and  weighed*  The  oxidation  of 
kfae  teilurium  during  the  drying  is  so  slight  that  it  can  be  disre- 
garded 

Separation  of  Selenium  and  Teilurium  from  the  Metals  of 
Groups  III,  IV,  and  V. 

By  conducting  sulphur  dioxide  into  the  solution  fairly  acid  with 
hydrochloric  acid,  the  selenium  and  teilurium  will  be  quantita- 
tively precipitated  whilc  the  other  metals  rernain  in  solution. 

Separation  of  Selenium  and  Teilurium  from  the  Metals  of  Group  II* 
(a)  Frvm  Copper,  Bismuth,  and  Cadmium. 

Sulphur  dioxide  is  passed  into  the  boiling  solution,  acid  with 
hydrochloric  acid,  whcreby  all  of  the  seleniuin  and  telluriurn  and 
usuallv  sonie  of  the  bisruuíh  are  precipitated,  The  precipitate 
after  betng  washed  is  dissolved  in  nitrie  acid,  the  solution  evapo- 
rated  to  dryness,  taken  up  in  oonoentrated  hydrochloric  acid, 
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diluted  with  a  little  water  and  precipitated  with  hydrogen  sul- 
phide.  The  precipitaíe,  conaisti&g  of  the  three  sulphides,  is  washed 
and  thrn  treated  with  sodium  sulphide  soliition  whereby  sekni  um 
and  tellurium  paas  into  solutiott  while  the  bismutíi  rctmdns  behind 
as  lis  brown  sulphide  and  ifl  iiltered  nff. 

The  solution  containing  the  scleninni  and  telhirium  is  acidified 
with  DÍtric  aeid,  carefully  evaporated  to  dryness  and  the  rcsidue 
botted  with  200  c.c.  of  hydrochloric  acid,  sp.  gr,  1.175,  nutil  there 
is  no  lnnger  any  evolution  of  chlorine.  The  deposited  sulphur  is 
then  filtered  ofT  through  a  Goooh  crucible,  and  the  filtráte  satu- 
nited  with  sulphur  dioxide  gas;  all  the  selenium  is  in  this  way  pre- 
cipitated. The  latter  is  filtered  off  through  a  Qoocfa  crucible  and 
washed  successively  with  a  mix  ture  of  90  vol.  HC1  (sp,  gr,  1.175) 
and  10  Víd.  w;itei\  dilute  hydrochloric  aeid,  and  finally  absolute 
alcohol.  The  preripitate  is  dried  at  105°  C.  and  weighed.  The 
filtráte  is  diluted  with  an  equal  volume  of  water  and  the  telluriuni 
precipitated  by  poaá&g  sulphur  dioxide  into  the  boiling  solution. 
This  přeci pitate  is  washeti  with  water  until  free  from  chlorides, 
then  with  absolute  alcohol,  after  which  it  is  dried  at  105°  C,  and 
weighed. 

Remark. — The  above  method  is  suitable  for  the  separation  of 
selenium  and  telhirium  from  smál)  amounts  of  bismuth,  but  does 
not  effect  the  separation  of  selenium  (and  tellurium)  from  copper. 
In  this  čase,  more  or  less  copper  selenide  is  fornied  according  to 
the  conditions,  and  this  eompound  is  not  decomposecl  quantita- 
tively  by  sodium  sulphide.* 

(6)  From  Antimony,  Tin  and  Ar&enic. 

If  considerable  antimony  is  present,  tartaric  acid  is  added  to  the 
soliition,  and  the  selenium  and  tellurium  are  then  precipitated  by 
boiling  with  sulphur  dioxide. 

(c)  From  Mercury. 

The  mercury  selenide,  nr  telhiride,  ifi  dissolved  in  aqtia  regia,  chlo- 
rine water  is  added,  and  the  solní  ion  ia  diluted  lurgely  with  water. 
11  íospho rouš  acid  is  added  ,t  and  liter  twenty-four  hours  standillg, 

*  Oř.  E,  Kcller,  Jour.  Amor  Chem.  Sec.  Ifl,  771. 

t  S«leiious  and  tellurcius  acids  are  aot  precipitated  by  phospboroua  acid 
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the  mercury  is  preeipitated  cornpletcly  as  niercurous  chloride,  and 
fa  determíned  as  Bueh  em icording  to  p.  135, 

The  filtráte  containing  selenium  and  tellurium  is  oonoentg&tedj 
taken  up  in  water.  and  the  selenium  separated  from  the  tellurium 
according  to  the  method  of  Keller  (sec  below.) 

(d)  From  Gold  finti  Síf rír\ 

The  separation  of  selenium  and  telluriuin  from  silver  ofTers  no 
difíiculty,  inasmuch  as  the  latter  can  be  preeipitated  by  hydro- 
chloric  acid  and  determined  as  the  chloride. 

The  gold  is  preeipitated  as  eUflcrfbed  on  p.  HM>  by  nxalic  acid 
and  the  selenium  and  tellurium  in  the  filtráte  by  BteftDfl  of  sulphur 
dioxide.  The  three  metals  may  al>«>  ho  precipitated  together  by 
sulphur  dioxide,  weighed*  and  the  selenium  and  telJurium  aftn- 
ward  volatilized  by  roasting,  leaving  the  gold  behincL 

Tellurium  may  be  separated  from  gold  by  preeipitating  the  hit  - 
ter  with  ferrous  sulphate.  In  the  čase  of  selenium,  howcvcrf  it  is 
also  preeipitated  quan  ti  táti  vely  by  ferrous  sulphate  from  solutions 
strongly  acid  with  hydrochlorie  acid. 

Separation  of  Selenium  from  Tellurium, 
A.    Method  of  &  Keller* 

Keller's method  is  basetl  upon  the  fact  thut  tellurous  acid is not 
preeipitated  from  solutions  strongly  acid  with  hydrochlorie  acid 
while  selenium  is  preeipitated  quantitativelw 

Proceduře. — The  mixture  of  the  two  elemente  precipitati-d 
by  sulphur  dioxide  is  dissolved  in  nitric  acid  and  carefully 
evaporated  to  dryucss.  The  drv  mass  is  treated  with  200  C.C.  of 
hydrochlorie  acid  (sp.  gr.  1.175),  boiled  to  t&Ban  the  nitric  aeid 
and  saturatod  with  sulphur  dioxide.  The  preeipitated  selenium 
is  filtered  through  a  Gooch  crucible,  washed  first  with  a  mixture 
of  90  vol.  HC1  (sp.  gr.  1.175)  and  10  vol.  water,  then  with  dill 
hydrochlorie  acid.  then  with  water  until  free  from  chloride,  finally 
with  absolute  aleohol.  The  selenium  is  then  dried  at  105°  C  and 
weighed,     The  filtráte  is  diluted  with  an  equal  volume  of  waterf 


from  dilun?  hvilrochloric  acid  solution,  but  are  preeipitated  from  hot  con- 
ccntruírfl  solutions. 

*  Jour.  Amer.  Chem.  Soc  I9f  771, 


220 


GRAVtMETRIC  ANALYSiS. 


heated  to  boilinft  and  the  tellurium  pivupitated  by  sulphur  diox- 
tde  and  freated  in  exactly  theeame  way  u  the  seleoium, 

Ai  ■mrding  to  Keller,  this  methotl  gives  thoroughly  satisí:t> 
results,  as  long  as  the  amount  of  tellurium  present  does  not  exeeed 
5  gma     Kvett  tluti  the  separation  can  be  efFccted  by  increasing  the 
amount  of  aeid  to  450  *■.<■. 

B.    The  Potassium  Cyanide  Method. 

The  precipitate  of  selení  um  and  tellurium  produeed  by  sulphur 
dioxidc  is  fused  with  twclve  tirnes  as  much  of  pure  (98  per  cení  J 
potassium  cyanide,  in  an  atmosphere  of  hydrogen,  as  described  OH 
p,  216.  The  tellurium  is  ulmost  wholly  changed  to  potassium 
telí u  rit  ie,  K2Te  (a  small  amount  of  potassium  tellurocyanide  is 
probably  formed),  while  the  selenium  is  changed  for  the  most  part 
into  potassium  selenoryanide.  and  to  ■  -=lÍLrfit  i  xtmt  into  potassium 
Belenide. 

Tlie  browa  melt  isdissnlvcd  in  water,  and  a  slowcurrent  of  air  is 
conducted  througb  the  solutiou  wherebv  the  K2Te  is  quantitatively 
deeomposed  according  to  the  equation 

K2Te+  Efi+O  =  2KOH  +  Te. 

After  standing  twelve  hours  the  tellurium  is  filtered  off  through  a 
rr.ioeh  crucible,  washed  with  water,  thcn  with  absolute  alcohol, 
dried  at  105°  and  weighed. 

The  ocdoifeSB  filtráte  is  heated  t<>  laiiling  *  inorder  to  change  any 
potassium  selenide  into  the  double  cyanide;  it  is  then  acidified 
with  hydroehlnric  acid  under  a  good  ln»od  (fajdrocyanic  QCÍdf)t 
íiltťred,  and  the  Sflenium  drteniiiin  «l  areording  to  p.  215. 

Remark. — This  met  hod  givivs  slightly  low  results  for  tellurium 
and  hígh  valnes  fo?  selenium.     This  is  due  to  the  fact  that  a  linl 
potassium   telluroevanide   is   formed   by   the  fusion  and   this  eoin- 

pound  is  not  deoompoaed  by  the  currenl  "f  air,  but  íb  subsequently 
preoipitated  with  the  selenium  on  aridifying  the  solution. 

Determination  of  Selenium  and  Tellurium  in  Crude  Copper. 

Many  cop  per  ores  contaín  seleniuin  and  tellurium.  ao  lhát  the 
crude  copper  obtained  From  such  ores  always  contains  these  ele- 
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ments.  The  amount  present  may  be  deterniined,  according  to 
Keller**  as  foliows:  According  to  the  amoimfs  úl  Beteniusa  ainl 
tellurium  present,  from  5  to  100  gm.  of  the  copper  are  takcn  for 
the  analysis  The  sample  is  dissolved  in  nitric  acid  and  an  excess 
of  aniiiinnia  is  added  wherebv  the  phosplmrus.  nrsenie,  antimony, 
tint  hismuthtseleniumt  and  tellurium  are  preeipitatcd  together  with 
the  ferrie  hydroxide,  while  the  copper  is  held  in  solution  by  the 
excess  of  ammonia.  The  precipitate  is  filtored  ořT  and  washed  with 
dilute  ammonia-water  until  the  OOpper  is  3 nnpletcly  rcmoved.  The 
pr^cipitate  is  dissolved  in  hydrochlorie  acid  and  this  solution  satu- 
rated  with  hydrogen  sulphide  ín  the  eold,  wherehy  ^■lenivím  and 
tellurium  together  with  arsenio,  antimony,  tín,  and  hismuth  are 
thrown  down  as  sulphides  and  are  separatod  by  filtrátům  fmm  the 
iron  and  phosphorus.  The  precipitatc  thus  ohtuincd  h  trratrd 
with  sodium  sulphide  and  filtored.  The  filtráte  containing  all  the 
seleniutn  and  tellurium  in  the  presence  of  arsenic,  antimony,  and 
tin  as  sulpho  salts  is  acidifiod  with  nitric  acid  and  carěfully  evapo- 
rated  to  dryness.  The  residue  is  ctioffohncid  in  200  c.c.  of  hydro- 
chlorie acid  (sp.  gr.  LI  75)  and  treated  as  described  on  p,  219,  A, 

MOLYBDENŮM,  Mo.     At,  Wt.  06,0. 
Form:  Molybden  um  Trioxídep  Mo03. 

If  the  molybdenům  is  preseÉl  as  ammonium  inolybdate,  a 
weiiíhed  port  ion  is  heated  in  a  spacious  porcelain  oř  platinum 
crucibíe,  at  first  carěfully  and  láteř  to  a  duli  red  heat ;  this  leaves 
the  molybdenům  trinxide  behind  Ín  the  forrn  of  a  dense  powder, 
appearing  yellow  when  ho t  and  almost  whíte  when  cold, 

Thero  is  no  danger  of  losing  any  of  the  molybdenům  by  volatili- 
zation,  provided  the  duli  red  heat  is  not  exeeeded. 

If  the  molybdenům  is  present  as  alkali  moly  kláte,  it  is  changed 
to  mercurous  inolybdate  nr  to  its  sulphide,  and  then  analyzed  as 
described  below. 

Precípitation  of  Molybdenům  as  Mercurous  Molybdate, 

In  the  course  of  analysis  it  is  frequentty  necessary  to  deternúnr 
molybdenům  in  alkali  molvbdates  obtained  by  fusion  with  an  alkali 
earbonate. 

*  Jour*  Araer.  Chem.  Soc.  22,  %  \  l , 
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The  greater  part  of  the  alkali  is  ncutralized  with  nitric  acid, 
and  to  the  slightly  alkulini-  sídution  a  barely  acid  solution  of  mer- 
curous nitráte  is  added  until  DO  further  precipitation  is  efTected. 
The  liquid  is  then  heated  to  boiling,  the  black  precipitate.  cnnsisting 
of  mercurous  carbonate  and  mercurous  molybdate,  is  allowed  to 
tle.  is  filtered  and  washed  with  a  dilute  solution  of  mercurous 
nitráte.  The  precipitate  is  dríed,  transferred  as  completely  as  pos- 
sible  to  a  W&tdfr-gUflS,  and  the  precipitate  reniaining  on  the  niter  is 
disBolved  in  hot  dilute  nitric  acid  into  a  largo  porcelain  crucible. 
The  solution  is  then  evaporated  to  dryness,  the  main  portion  of  the 
precipitate  added  to  the  residuc,  and  the  whole  is  heated  very  care- 
fully  over  a  low  fláme  until  the  merciiry  is  completely  volatilized, 
after  whieh  the  residual  molybdenům  trioxide  is  weighed. 

Remurk. — It  was  formeriy  customary  to  add  a  slíght  excess  of 
mercurous  nitráte  solution  and  then  to  add  mereuric  oxide  to  neu- 
tralize  the  excess  of  nitric  acid  (the  solution  of  mercurous  nitráte 
contains  free  nitric  acid).  According  to  the  ahove  proceduře  of 
Hillebrand,  the  addition  of  mercuric  oxide  is  wholly  superfluous, 
for  the  basic  mercurous  carbonate  suffices  to  remove  the  slight 
amount  of  free  nitric  acid. 

Precipitation  of  Molybdenům  as  Molybdenům  Sulphide. 

The  precipitation  of  molybdenu m  M  the  sulphide  can  také  pláce 
in  two  different  ways:  either  the  acid  solution  may  be  přeci  pitated 
by  hydrogen  sulphide  gas,  or  the  solution  of  ammonium  sulpho- 
molybdate  may  be  acidified  with  dilute  acid. 

(o)  Precipitation  of  Molybden  um  Sulphide  from  Acid  Sahitwns. 

The  molybdenům  solution,  slightly  acid  with  sulphuric  acid,*  is 
piaced  in  a  small  pressure-flask  and  saturated  in  the  cold.  with 
hydrogen  sulphide.  The  flask  is  dosed,  heated  on  the  water- 
bath  until  the  precipitate  has  completely  settled,  and  filtered 
after  it  has  become  cold.  The  precipitate  is  washed  with  very 
dilute  sulphuric  acid  and  finally  with  alcohol  until  the  acid  has 
been  completely  removed*  The  rnoist  niter  is  piaced  in  a  large 
porcelain  crucible  and  dried  upon  the  water-bath.     The  crucible 

*  In  many  casos,  cg.  for  the  separation  of  Mo  from  Ba,  Sr,  and  Ca,  it  is 
necessary  to  replacc  the  aulphuric  with  hydrochloric  acid. 
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is  then  covered  and  very  carefully  hcated  over  a  small  flanie  until 
00  mora  hydrocarbous  are  expclled.  The  eover  is  then  reniovcd, 
the  carbon  burned  from  the  sides  of  the  crucible  at  as  low  a  tem- 
pera ture  as  poesible,  and,  by  raising  the  tcmperature  gradually, 
the  sulphide  is  changed  to  oxide*  The  operát  ion  is  fmished  when 
no  more  sulphur  dioxide  is  formed,  After  cooling,  a  lit  tle  mercuric 
oxide  mspended  in  water  is  added  to  the  contents  of  the  crucible, 
the  mixturc  ifl  well  stin-ed,  evaporated  to  dryness  on  the  water- 
bath,  the  mercuric  oxide  is  removed  by  gentle  igmtion,  and  the  resi- 
due  of  molybdenům  trioxide  is  weighed.  The  mercuric  oxide  is 
added  in  order  to  remove  particles  of  unburned  carbon. 

It  is  much  easíer  to  transform  the  molybdenům  trísulphide  into 
the  oxide  as  follows:  The  sulphide  is  filtered  through  a  Gooch  cru- 
cible, washed  with  water  containing  sulphuric  acid.  and  then  with 
alcohol,  and  dried  at  100°  C.  The  crucible  is  placed  within  a  larger 
nickel  one,  covered  with  a  watch-glass  *  and  carefully  heated  over 
a  small  fláme  whereby  the  sulphide  is  for  the  most  part  changed 
t- 1  the  oxide.  As  soon  as  the  odor  of  sulphur  dioxide  can  no  longer 
be  deteeted,  the  watch-glass  is  removed  and  the  open  crucible 
heated  until  it  is  brought  to  a  constant  weight.  The  molybdenům 
Oljde  thus  obtíiined  always  contains  tmces  of  SO„  and  consequently 
has  a  bluish  appearance.     The  results,  nevertheless,  are  excetlent 

(ř>)  Hydrogen   Sulphide  is   Passed    into    the   Ammoniacal  Molyb- 
denům Sol  u  t  ion 

until  it  assumes  a  bright-red  color,  when  it  is  acidified  with  sul- 
phuric acid  and  the  precipitate  treated  as  described  under  (a), 

The  Separatioo  of  Molybdenům  from  the  Alkalies 

can  také  pláce  by  precipitation  as  mercumus  molybdate  oř  as  sul- 
phide, as  described  above. 


Separation  of  Molybdenům  from  the  Alkaline  Earths. 

The  substance  is  fused  with  smi  kun  carboriate,  the  melt 
tracted  with  water  and  filtered.     The  solution  contains  all  the 
molybdenům  as  alkali  molybdate,  while  the  alkaline  earths  remain 

*  To  nvoid  loss  by  decrepitation. 
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undissolved  as  carbonates.     From  the  aqueous  solution  the  molyb- 
denům is  determined  as  previmi-sly  deseribed. 

Separation  of  Molybdenům  from  lbe  Metals  of  the  Ammonium 
Sulphide  Group. 

The  molybdenům  is  precípitated  as  sulphide  (preferablv  from  a 
sulphuric  acid  solution)  by  treatnient  with  hydlQgjffil  sulphide  inider 
pressure  (see  p.  222).  If  the  solution  contaúis  tiUmium,  it  is  better 
t<>  Kzst  add  ammonia  and  ammonium  sulphide,  whereby  the  metals 
of  Group  III  will  be  precípitated  and  the  molybdenům  vťill  reniain 
in  solution  in  the  fonn  of  its  sulpho  salt.  After  filtration,  the 
molybdenům  is  precípitated  as  sulphide  by  the  addition  of  acid 
(seep,  223,  b). 

Separation  of  Molybdenům  from  the  Metals  of  Group  II. 

(a)  From  Lmdt  Copper,  Cadmium,  and  Bismuth. 

The  solution  is  treated  with  eaustie  soda  and  thon  with  sodium 
sulphide,  digested  sonie  time  in  a  closed  flask,  and  fi Herní  The 
molybdenům  remains  in  solution  as  its  sulpho  salt,  while  the  other 
metals  are  přeci  pit  ated  as  sulphides.  After  filtering,  the  solution 
is  acidifled  with  sulphuric  acid  and  heated  in  a  prossure-flask  until 
the  precipitate  has  settled  and  the  supe  mat  aut  liquíd  appears  eol- 
orless.  After  allowing  to  cool,  the  molybdenům  sulphide  is  ťil- 
tered  off  and  converted  to  oxide,  as  deseribed  on  p.  222,  a, 

(6)  From  Arsenic. 

The  solution,  which  must  contain  the  arsenic  as  arsenic  acid,  is 
treated  with  ammonia,  the  arsenic  precípitated  by  magnesia  mix- 
ture  (sec  p.  165)  and  filtered  off.  The  filtráte  is  acidifled  with  sul- 
phuric acid  and  the  molybdenům  precípitated  as  sulphide  by  means 
of  hydrogen  sulphide. 

Separation  of  Molybdenům  from  Tungsten. 

(a)  The  Sulphuric  Acid  Method. 

This  method,  propOOOd  by  >K  Kucgenbcrg  and  EL  F.  Smith,* 
depends  upon  the  fact  that  unignited  molybdic  acid  is  readily  dis- 

*  Jour.  Amer.  Chem.  Soc,  22,  772. 
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solved  by  warming  with  sulphuric  acid  (sp.  gr.  L378),  while  tung- 
stic  acid  is  not. 

\V  Hommel  tested  this  method  in  the  authoťs  laboratory,  and 
could  not  obtain  good  results  except  by  digesting  the  moist  tsůím 
with  concentrated  sulphuric  acid,  and  afterward  diluting  with  three 
times  as  muc;h  water. 

Proceduře, — (a)  Both  acids  are  prese  nt  in  a  moist,  freshly 
precipitated  statě. 

The  mix  ture  is  covered  with  concentrated  sulphuric  acid  in  a 
porcelain  dish  and  heated  over  a  free  fláme.  By  this  means,  usu- 
ally  a  small  aniount  of  the  tungstic  acid  ífl  oxidized  to  the  blue 
oxide,  so  that  the  yellow  přeci  pit  ate  of  tungstic  acid  is  tinted  with 
green.  On  adtling  one  oř  two  drops  of  dilute  nitric  acid,  the  green 
color  disappears  and  the  tungstic  acid  is  of  a  pure  yellow  color. 
After  digesting  for  half  a  ti  hour,  the  separation  is  complete. 
After  cooling,  the  liquid  is  diluted  with  three  times  its  volume  of 
water,  filtered,  washed  with  water  containing  sulphuric  acid,  then 
fcwo  or  three  times  with  alcohol,  ignited  (after  buroing  the  filter  by 
itselO  in  a  porcelain  crucible,  and  weighed  as  WO,. 

The  molybdenům  is  precipitated  frora  the  filtráte  by  passing 
hydrogen  sulphide  into  lbe  .sulphuric  acid  solution  in  a  pressuxe- 
flask,  and  the  preeipitatc  is  treated  as  described  on  p.  222. 

If  only  a  little  sulphuric  acid  is  ušed  for  the  separation,  the 
filtráte  from  the  tungstic  acid  can  be  evaporated  in  a  platinum 
dish,  the  sulphuric  acid  driven  off  for  the  most  part,  and  the  residue 
washed  into  a  weighed  platinum  crucible  with  ammonia,  and  then 
evaporated,  ignited,  and  weighed,  In  čase  large  iinounts  of  molyb- 
denům are  present,  however,  it  is  always  safer  to  precipitate  the 
molybdenům  as  sulphide. 

(JI)  Tungsten  and  Molybdenům    are  Preaent  in  the  Form  of  their 

Ignited  Oxides. 

These  ignited  oxides  cannot  be  separated  by  treatment  with 
sulphuric  acid.  Arrording  to  W.  Hornmel,  they  can  readily  be 
brought  into  solution  by  heating  for  half  an  hour  on  the  wat*T-bath 
with  concentrated  ammonia  in  a  pressure-fíaskt  shaking  frequently. 

After  cooling,  the  contents  of  the  flask,  whethcr  dissolved  or 
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not,  are  washed  into  a  porcelain  dish,  evaporated  to  dryness,  cnJ 
treated  a.s  douciibed  under  (a). 

It  is  still  better  to  fuse  the  ignited  oxides  with  four  times  as 
much&odiuin  carbonate,  and  treat  the  melt  as  described  under  (a). 

(6)  Sublimation  Metkod* 

If  a  mixture  of  the  trioxides  of  tungsten  and  molybdenům . 
or  of  their  alkali  saltst  is  heated  at  250-270°  C  in  a  currcnl  ef 
drv  hydrochloric  acid,  the  molybdenům  is  volatilized  complei- 
as  MoU3.2HCl,  vvhich  collects  on  the  cooler  parts  of  the  tube  as  a 
beautiful,  white,  woolly  subliinate,  while  the  tungsten  trioxide  re- 
mains  behind  in  the  boat. 

Proceduře,— Tho  oxides  of  the  two  elemente,  oř  their  sodium 
salts,  are  weighed  into  a  porcelain  boat,  and  the  latter  is  placed  in  a 
tube  made  of  difficultly  fusible  glass,  of  which  one  end  is  bent  verti- 
cally  downward  and  is  connrctnl  with  a  Péligot  tube  containing  a 
little  water.  The  horizontál  arm  of  the  tube  is  passed  through  a 
drying-oven  (to  serve  as  an  air-bath)  {see  Fig.  18,  p.  30) ř  and  ia 
connected  with  apparatus  for  generating  hydrochloric  acid  gas. 
The  hydrochloric  acid  br?fnre  reaehing  the  tube  is  slowly  passed 
through  a  flask  containing  concentrated  hydrochloric  acid,  and 
then  through  sulphuric  acid.  As  soon  as  the  tem  pera  ture  has 
reached  about  200°  C.  the  sublimation  of  the  molybdenům  begins. 
From  time  to  tíme  the  sublimate  eollecting  in  the  tube  is  driven 
toward  the  Péligot  tube  t  by  earefully  heating  with  a  free  fláme,  so 
th:it  it  will  be  possible  to  see  whether  any  more  molybdenům  is  being 
volatilized.  After  heating  for  an  hour  and  one-half  or  two  hours, 
tli--  o|n  ration  is  nsually  eomplete.  The  boat,  now  containing  tung- 
sten brioxtde,  or  the  latter  with  sodium  chloride,  is  removed,  and  in 
unly  the former  is  present,  it  is  weighed  after  drying  in  a  desic- 
cator  over  caustic  po tas h.  In  čase,  however,  sodium  chloride  is 
popepont  (when  the  tungsten  was  origínally  present  as  sodium  tung- 
statě)  this  is  removed  by  treatment  with  water,  and  the  filtered 
WO,  is  weighed. 

*  Coinptes  rendus,  114,  p.  173,  and  46,  p.  1 101. 

|  By  lbe  absorptíou  of  tlít*  MoO,.2HCl  in  the  water  of  the  Péligot  tube, 
the  bríck-red  acid  chloride,  Mo^OCl,,,  i*  often  fonned: 

3fMo(  V2HOr]  4  2HC1  =  4H,0  +  Mo,04Clr 
Thia  substance  is  insoluble  in  hydrochloric  aeidrbut  readily  soluble  i  a  ni  tne  acid. 
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For  the  determination  of  the  molybdenům,  the  sublimatc  in  the 
tube  is  washed  out  by  means  nf  water  eontaining  a  Iittle  nitric  aeid, 
and  finally  the  nitric  aeid  solution  of  thfi  e&tfre  sublmiate  ifl  care- 
fully  evaporated  to  dryness  in  a  porcelain  dish.  The  residue  is 
dissolved  in  ammonia,  washed  into  a  porcelain  crucible,  evaporated 
to  dryness,  and  changed  to  the  oxide  by  gen  tle  ignitinn. 

(c)    The  Tartaric  Aeid  Method  of  //.  Rose. 

The  alkali  salts  of  the  two  metals  are  dissolved  in  consíderable 
tartaric  aeid,  an  excess  of  sulphuric  aeid  is  added.  and  lbe  nmlyb- 
dt-num  preeipitated  according  to  p,  222,  by  hydrogen  sulphide  in 
a  pressure-flask.  The  molybdenům  sulphide  is  filtered  <>fí  and 
changed  by  roasting  in  the  air  to  the  trioxide.  For  the  determi- 
nation of  the  tungsten,  the  tartaric  aeid  is  first  destrnyed  by  re- 
pnated  evaporation  with  nitric  aeid,  and  the  preeipitated  tungstic 
aeid  is  finally  filtered  off  and  changed  by  ignition  to  the  trioxide. 

Remark. — This  method  givescorrect  rcsultSjbut  is  not  so  satis- 
factory  as  the  preceding  one  on  account  of  the  time  consumed  in 
removing  the  tartaric  aeid. 

Separation  of  Molybdenům  from  Phosphoric  Aeid, 

The  phosphoric  aeid  is  preeipitated  from  the  ammoniacal  sólu- 
tion  as  magnesium  ammonium  phosphate  (066  phosphoric  aeid) 
and  the  molybdenům  is  preeipitated  as  sulphide  from  the  filtráte 
(cf.  p.  222,  O). 

TUNGSTElf,  W.      At.  Wt.  184.0. 

Tungsten  is  determined  as  its  trioxide,  WOf. 

If  the  tungsten  is  present  as  ammonium  tungstate,  as  mercu- 
rous tungstate,  or  u  tungstic  aeid,  it  is  readily  changed  by  ignition 
i n  the  air  to  yellow  tungsten  trioxide,  Šinee  the  trioxide  is  not 
viilatile  there  is  do  1o88  to  be  fcared  duríng  its  ignition.  It  is  even 
adviaabk  to  beat  the  crucible  finally  over  a  good  Teclu  bumer  oř 
over  the  blast-lamp. 

If  the  tungsten  is  present  as  alkali  tungstate,  the  tungstic  and 
umy  b<j  preeipitated  as  such,  oř  by  means  of  mercurous  nitráte  as 
mercurous  tungstate;  by  ignition  the  yellow  trioxide  is  obtained 
and  weighed. 
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Precipitation  oř  Tungstic  Acid 

The  aqueous  solutimi  of  the  alkali  tungstato  ii  toefrted  with  an 
excess  of  nitric  acid,  evapot&ted  OD  the  water-bath  to  dryness,  a 
little  more  of  the  nitric  acid  is  added,and  the  solution  again  evap- 
orated.  This  operation  is  repeated  three  times;  finally  the  r> 
ihic  is  heated  in  a  drying-oven  at  120°  &,  then  moistencd  with 
mnrontrated  nitric  acid,  and  after  digesting  for  twenty  minuli. s 
longer  it  is  treated  with  i  bot  5  per  cent.  solution  of  ammonium 
nitráte,  filtered,  and  washed  with  ammonium  nitráte  solntion  bO 
which  a  few  drops  of  nitric  acid  háve  been  added,  until  all  the  alkali 
is  removed.  The  residuc  M  then  washed  once  or  twiee  with  vcry 
dilute,  hot  ainmonimn  nitrát r*  solution,  the  precipitate  is  dried 
and  ignited  in  a  platinuni  erurible  (after  buming  the  filter-pííper 
in  a  platinuni  spirál  and  adding  its  ash  to  the  niain  port  ion  of  the 
precipitate}  until  the  oxide  is  ehanged  from  its  originál  greenish 
tingc  to  a  pure  vellow  color;  it  is  then  weighed  as  W03. 

Remark. — The  washing  with  an  acid  salt  solution  is  necessary 
in  order  to  prevent  the  formát  ion  of  hydrosoL 


Precipitation  of  Tungsten  as  Mercurous  Tungstate,  according 
to   Berzelius, 

In  the  majority  of  cases  it  is  a  ijuestion  of  separatuig  tungstic 
acid  from  a  solution  obtained  after  fusing  with  sodium  earbonate. 
The  greater  part  of  the  alkali  is  neutra  lized  with  nitric  acid  (being- 
careful  to  leave  the  solution  slightly  alkaline),  mercurous  nitráte 
is  added  until  no  further  precipitation  takés  pláce,  the  liquid  is 
heated  to  boiling,  the  precipitate  allowed  to  scttle,  and  it  is  then 
filtered  off,  washed  with  water  containing  mercurous  nítrato, 
drietl,  ignited  iinder  a  good  hood,  and  weighed  as  Wí  V 

Analysis  of  Wolframite  (Wolfram). 

The  monoelinic  Wolframite  is  an  isomorphous  mixture  of 
Ferberite,  FeW04,  and    Hubnerile,  MnW(\,  btit    often   contains 

ill  araounts  of  silnic,  ninbic.  tan  talie,  and  stannic  acids,  be- 
calcium  and  magnesium. 

About  1  gm.  of  the  extréme  ly  íinely-powdored  minerál  is  fused 
with  4  gms.  sodium  earbonate  in  a  platinuni  CTUcible  over  a  good 
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buroef  for  trom  onc-half  to  thrce-quariers  of  an  hour.    After  en<>l- 

ingt  the  melt  is  boiled  with  water  and  lillered.  The  residue  c<m- 
tains  inm,  m&Qganeae,  ealcfrim,  and  magnesium,  and  sometimes 
small  anmunts  of  niobie  and  tantalic  acids*  The  solution  contains 
all  the  tungstic  acid,  and  silicie  acid  {stannic  acid). 

The  tungstic  acid  is  eeptistod,  as  ahove  described,  eithcr  by 
evaporating  with  nitric  acid  Oř  by  přeci  pit  ating  with  mercunms 
nitráte.     The  preeipilatc  is  ignited,  and  weighcd  as  impurc  Wl  } 

The  oxide  obtained  íd  fchii  way  afanoif  aluays  contains  silicie 
aeid  and  sometimes  stannic  acid.  To  remove  the  former  the  resi- 
due is  heated  with  hydrofhioric  and  sulphuric  acidst  first  on  the 
water-bath  and  iinallv  over  a  free  fláme,  and  the  residue  is  weighcd, 
The  differenee  shows  the  amount  of  silicic  acid  preeent.  Stannic 
acid  is  usually  prcsent  in  such  sinali  amounts  that  it  is  not  usually 
determíned, 

The  separation  of  tungsten  from  tin,  however,  may  be  effccted 
(aocording  to  Rammelsbcrg)  by  repeatcd  ignition  with  pnre,  drv 
ammonium  chloride.  The  tin  is  volat  ilized  as  stannic  chloride, 
while  the  tungsten  remains  behind. 

This  last  ojieration  is  CMíulucted  as  follows:  The  residue  obtained 
after  the  treatment  with  hydroflunric  acid  is  mixcd  with  six  to  eight 
times  as  much  ammonium  chloride,  the  crucible  is  placetl  within 
a  second  larger  crucible  *  and  the  latter  is  eovered  and  ignited 
until  the  ammonium  chloride  is  eompletelv  cxpelled.  This  upera- 
tion  is  repeated  three  times.  The  inner  crucible  is  then  heated 
with  ready  aeeesa  >í  air  until  its  contents  beconie  of  a  pure-yellow 
enlor,  after  whieh  it  is  oookd  and  weighcd.  The  ignition  with 
ammonium  chloride  and  wi-ighing  of  the  residue  is  repeated  until 
a  constant  weight  is  obtained. 

Rtmark-  flor  the  dcterminatinn  of  niobium  and  tantalum,  a 
larger  portion  of  the  substance,  aboul  5  gmsvl  must  be  takém  Tne 
finely-powdcred  materiál  is  treated  with  hydrochloric  acid  to  whieh 
abunt  one-fourth  of  its  volume  <>f  nitric  acid  has  been  addcd,  and 
digested  on  the  water-lxith  until  the  residue  is  cnlored  a  pure  yď 
low.     The  latter  is  fdtered  ofT,  washed  with  water  containing  acid 

♦This  is  to  pře  ven  t  any  stannic  oxide  from  colleeting  on  the  outswle  nf 
the  crucible;  this  is  formed  wheu  the  tin  chloride  conies  in  contact  with 
moist  air. 
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until  thc  iron  reaction  can  no  longer  be  obtained,  when  the  residue 
is  taken  up  in  animonia  and  filtered;  in  this  way  thc  tungstic  ftCtd 
is  removed,  The  residue  is  usually  dark-colored  and  consiste  of 
eacloaed  minerál  as  well  as  silieic.  stannic,  niobic,  and  possibly 
t atitalic  acids,  It  is  treated  with  aqua  rcgia  again,  water  is 
added,  and  thc  filtered  residue  is  once  more  trcatcd  with  ammonia* 
The  finál  residue  is  now  free  from  tungsten;  it  is  ignited,  weigl 
and  freed  froni  silica  by  treatment  with  sulpliuríc  and  hydrofluoric 
:.<-ids.  The  residue  of  tin  dioxide  and  niobium  pentoxide  (and 
perhaps  tantalum  pentoxide)  is  placet!  in  a  porcelain  boat  and 
ignited  in  a  current  of  hydrogen,  The  nietallic  tin  is  extracted 
with  hydrochlorie  acid,  and  the  residue,  ennsistingof  NbjO^Ta^OJ, 
is  weighed. 

Iron  alloys  rich  in  tungsten  are  acted  upon  only  slowly  by 
aqua  regia,  Ift  however,  they  are  first  roasted  in  the  air,  they  are 
04  m  párati  vely  easily  brought  into  solution.* 


Vanadium,  V,    A*.  Wt.  51.2. 

Vanadium  is  determined  as  the  pentoxide,  V3Ofi. 

The  most  convenient  inethod  for  detennining  vanadium  is  a 
volunietrie  prneess,  and  will  be  discussed  in  the  chapter  on  volu- 
metríe  analysis. 

If  vanadium  is  present  as  ammonium  oř  mercurous  vanadate, 
it  can  be  easily  changed  to  thc  pentoxide  by  ignition;  the  latter 
is  a  reddish-brown  fusible  substance  which  solidifies  as  a  radiating, 
ervstalline  man.  If  vanadic  sulphidc  is  carefully  roasted  in  the 
aii\  it  is  afeo  changed  quantitativHv  tu  thc  pentoxide. 

In  the  analysis  crf  RKjgt  niinerals  eontaining  vanadium,  the 
vanadium  is  separated  from  the  other  inetals  present  by  fusing  with 
a  niixturc  of  BI2  parts  sndinin  caifooQftte  and  OO0  pari  p«>Tassium 
nitráte.  After  eooling,  the  melt  il  extracted  with  water,  whcrehv 
llie  sodium  vanadate  gocs  into  Bolution  while  most  of  thc  metala 
are  left  behind  in  the  fnrm  of  nxides  ur  carbonates.  if  phosphonis, 
ar-iiiir  (molybdenům,  tungsten),  and  chroimum  are  prescnt. 
these  elements  also  dissolvc  <>n  treuting  the  melt  with  water  in 
the  form  of  the  sodium  salts  of  the  GorteepO&diQg  acids. 

*  Preusscr.     Zeit.  f.  anal.  Chem.  1889,  p.  173. 
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Iti  practice,  thcrefore,  the  vanadium  is  USUftUy  met  with  as 
tlu'  Bodium  salt  of  vanadic  acid,  and  it  is  a  m&tter  oí  scparaťmg  it 
from  the  aqueous  solution  ohtained  after  fusing  with  sodium 
carbonate  and  potasshmi  nitráte,  and  of  separating  it  from  the 
other  acids  which  are  likely  to  aeeompany  it  (phosphoric,  arsenic, 
and  chroniie  acids)  * 

Precipitation  oř  Vanadic  Acid  from  the  Solution  oř 
Sodium  Vanadate, 

There  are  two  good  methods  for  the  separation  of  vanadic 
acid  from  a  solution  of  an  alkali  vanadate:  the  Roee  metlu  id, 
aceording  to  which  the  vanadium  is  přeci pitated  as  niercurous 
vanadate,  and  that  of  Roscoe,  by  which  it  ÍB  precipitated  as  lead 
vanadate.  The  Berzelius-Hauer  method  has  been  found  i  \ 
Hnlverscheidt  to  give  alwuys  too  high  results,  so  that  ít  will  not 
be  described  bere. 

1,   Tke  Mercurous  Xtínttt   Mtihod  of  Rose, 

The  alkaíine  solution  is  nearlv  neutra!  i  zed  with  nitric  acid 
and  to  it  is  added,  diop  by  drop.  a  nearly  neutra!  solution  of  mcr- 
curous  nitráte*  until,  after  the  precipitatc  has  set  t  led  ř  a  furthcr 
addition  of  the  rcagent  causes  nu  precipitation.  The  liquid  is  theO 
heatcd  to  lioiling,  the  gray  colorcd  precipitatc  is  allowod  to  settle 
and  is  filtered  and  washcd  with  water  to  which  a  fevv  drops  of 
mereurous  nitráte  solution  háve  been  added.  The  precipitute  is 
dricil,  iguited  undcr a  good  hood,  and  the  rc-idm-  of  Vj  >.-.  íl  wcighed. 

lu  tnark. — In  neutralizing  the  alkaíine  solution  of  the  vanadlta 
with  nitric  acid,  the  solution  must  on  no  accotmt  be  rnade  acid, 
for  in  this  čase  nitrous  acid  (from  the  nitráte  fusion)  will  be  set 
free  and  the  lattcr  reduees  souie  of  the  vanadate  to  a  vanadyl 
salt  and  the  lattcr  lb  not  precipitated  by  mereurous  nitráte.  In 
order  to  avoid  passing  over  the  neutra!  point,  HiUebrand  recom- 
mends  fusing  with  a  wcighed  aioount  of  sodium  carbonate  nud 
adding  the  aniount  of  nitric  acid  that  has  been  Cound  neccssary 
by  a  blank  test  ic*  neutralize  this.     The  met  hod  přel  good  results. 
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2>   The  Lead  A  četaře  Meíhod  oj  Rosené* 

Prindpie. — If  a  sohition  weakly  acid  with  ftoetic  acid  is  treated 
with  lead  aectate,  orange-vellow  lead  vanadate  Ls  fiuantitatively 
precipitated,  The  lead  vanadate,  however,  does  not  possess  a 
constant  eomposition,  so  that  tbe  amoiuit  of  vanadium  present 
cannot  be  dctcniiined  by  weighing  the  precipitate.  After  being 
wa&hedj  it  is  dissolved  in  as  little  nitric  acid  as  possible,  tbe  lead 
precipitated  as  lead  sulphate,  and  the  vanadium  deterniined  ín 
the  filtráte  by  evaporating  the  latter,  driving  off  the  excess  of  sui- 
phuric acid,  and  weighing  the  residual  V2V)5, 

Proceduře— Tbe  sohition  from  the  sodium  carbonate  and 
potiissiiim  nitráte  fusion  is  nearly  neutralized  as  before  with  nitric 
acid,  an  excess  of  lead  acetaté  solution  is  stírred  into  it.  when  the 
vohiminouB  preeipitate  will  collect  together,  rapidly  set  tle  to  the 
bottom  of  tlie  beaker,  and  the  supernatant  liquid  will  appcar 
ahsnlutely  clear.  The  preeipitate  is  at  íirst  nrange-colored ,  bot  on 
ling  it  grád  na  11  v  beeomes  yellow  and  finally  perfectly  white. 
It  is  filtered  off,  washed  with  water  containing  acetic  acid  until 
half  a  cubic  centinieter  of  the  filtráte  will  leave  no  residuc  <m 
evaporatiun.  The  preeipitate  is  now  washed  into  a  porcelain 
diflh,  the  part  remaining  on  the  filter  is  dissolved  in  as  little  as 
pO«hle  of  hot  (Silite  nitric  acid,  and  the  solution  added  to  the 
tnaifi  part  of  the  preeipitate,  to  which  enougfa  nitric  acid  is  added 
1u  eomplrtelv  dissolve  it.  An  excess  of  suiphuric  acid  is  added 
to  the  solution,  and  it  is  evaporated  on  the  water-bath  as  far  as 
possible,  finally  hcating  over  the  free  fláme  until  dense  fumes  of 
sulpliurir  acid  are  evolved,  After  ooofing,  from  50  to  100  c.c.  of 
water  are  added,  the  lead  sulphate  is  filtered  o(T  and  washed  with 
dilute  suiphuric  acid  until  1  e,c  of  the  filtráte  will  show  no  yellow 
*  fdor  with  hydrogen  peroxide.  The  lead  sulphate  should  be 
white  and  free  from  vanadium;  it  will  be  SO  pro  vid  cd  enough  sul- 
phuric  acid  was  u-ed  and  the  mass  WM  not  heated  untd  absolutelv 
drv  before  diluting  with  water.  The  filtráte  containing  all  the 
vanadie  acid  is  evaporated  in  a    :  i  dish  fco  a  stnall  volume, 

tranaferred  to  a  weighed  ptotínurn  erucible,  evaporated  further 
on  the  watcr-batht  and  finally  in  an  aír-batli  until  all  the  suiphuric 

*  Joura.  í.  prakt.  Chemie,  Etappl  8. 
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acid  is  removed.  Theopen  crueible  is  then  ignited  for  samé  time* 
íaint-red  hcat  aiuí  its  contents  finally  weighed  as  V20§. 

Rnnark. — Instead  of  deoompoejtig  the  lead  vanadate  by  means 
of  sulphuric  acid,  Holverschcidt  recommends  precipitating  the  lead 
as  sulphide  by  mnans  of  hydrogen  sulphide  and  determining  the 
vanadium  m  th?  filtráte.  For  this  purpose  the  blue-colored  filtráte 
from  the  lead  sulphide  precípitate  (which  contains  some  vanadyl 
salt)  is  boiled  to  cxpel  the  cxccss  of  hvdrbgcn  sulphide  and  the 
depo;  ikd  sulphur  is  filtered  off.  A  few  drops  of  nitric  acid  are 
added,  the  solution  evaporated  to  dryness,  and  the  reddish-yellow 
hydráte  of  vanad ic  acid  is  changed  by  gentle  ignition  into  the 
pentoxide  of  vanadium. 

Lead  may  also  be  separated  from  the  vanadic  acid  as  lead 
chloride.  In  this  čase  the  proceduře  recommended  in  the  analysis 
of  vanadinite  {pt  235}  li  řóflowed. 

The  separation  of  vanadium  as  the  sulphide  by  acidifying  a 
lolutirjQ  of  an  alkali  vanadate  that  has  been  treated  with  an  exccss 
mmonium  sulphide  is  not  admissibk\  for  only  a  part  of  the 
vanadium  is  preeipitated  as  the  brovvn  sulphide,  the  rest  remaining 
in  solution  iti  the  form  of  vanady]  salt.  H.  K<  >  <  OftBed  the  attention 
of  ehemists  tolhe  inaccuracy  of  t his  incthod.  but  this  has  not  pre- 
vented  ils  bdag  reeniMOHMulrd  m  sonie  of  the  most  recent  works 
00  analytical  ehcmistrw  The  author  has  carefully  tested  the 
met  hod  before  cornin^  to  tliis  rlftfriftHTO. 

Separation  of  Vanadium  from  Arsenic  Acid. 

Most  minerals  containing  vanadium  also  contaín  arsenic, 
and  after  extracting  the  melt,  obtained  by  fusion  with  sodhmt 
carbonate  and  nitře,  ivúh  miftr,  both  elcments  go  into  solution. 
For  their  separation,  the  solution  is  ftcidífied  willi  ■  i  i  li  1 1*  -  sulphuric 
aeid  and  snlphur  dioxide  is  passed  into  the  hot  liquid,  whereby  the 
vanadic  acid  is  redueed  to  vanadyl  salt  and  the  arsenic  to  arsenious 
acid,      After  boiling  to  reniove  the  exccss  of  sulphur  dioxide,  thfi 

;tion  is  saturated  with  hydrogen  sulphide  and  the  precipii 
of  arsenic  trisulpliide   is  filtered   on".     The  fiitmii   ifl   froed   from 

*  On  expelling  the  sulphuric  acid,  there  is  finally  íormed  some  gneen  and 
brmvn  crystals  of  a  compound  of  vanadic  acid  with  sulphuric  acid;  these  are 
inipoaed  only  at  a  faiut-red  heat. 
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hydrogen  sulphide  by  boiling,  evaporated  \vith  nitric  acid  in  ordei 
to  form  vanad  ic  acíd  again,  the  solution  h  then  made  alkaline  with 
sodium  carbonate,  and  the  vanadium  determined  by  one  of  the 
above  methods. 


Separation  of  Vanadium  from  Phosphoric  Acid. 

If  the  solution  of  the  soda-nitre  fusion  contains  phosphoric  as 
well  as  vanadic  acid,  both  are  precipitated  by  merourotu  nitráte, 
the  precipitate  washcd  with  dilute  mercurous  nitráte  solution  and 
weighed.  In  this  way  the  sum  of  the  V3Oft  +  P2Oa  ifl  obtflá&ed. 
When  P305  is  present  the  V208  does  not  meh,  but  oni  v  iint 
together.  The  ignited  oxides  are  fused  with  an  equal  weight  of 
sodium  carbonate.  the  melt  18  dissolved  in  water,  the  solution  matle 
acíd  with  sulphuric  acid  and  boiled  Wlťfa  sulphurous  acid  in  m]  r 
to  reduce  the  vanadic  acid  t«>  vanadyl  sulphate;  the  latter  will  be 
recognized  by  the  pure  blue  culor  which  the  solution  assumes, 
Carboo  dioxide  is  passed  into  the  boiling  solution  until  the 
excess  of  sulphurous  acid  is  removed,  when  it  h  allowed  to 
cool.  To  the  cold  solution,  nmv  about  100  c.c.  in  volume,  20  c.c. 
of  a  75  per  cent.  .solution  of  ammonium  nitráte  and  50  c.c.  of 
ammonium  molybdate  solution  are  added  (cf.  Remark.  below),  the 
solution  is  wanned  to  about  60°  C,  set  aside  and  allowed  to  stand 
for  one  hour.  The  clear  liquid  is  then  decanted  through  a  filter, 
washcd  thrce  timcs  by  i  leča  ntat  ion  with  50  c.c.  of  the  proper  wash 
liquid  (see  p.  346),  after  which  the  precipitate  is  dissolved  by 
passing  10  c.c.  of  8  per  cent,  ammonia  through  the  filter  into  the 
the  beaker  eontaining  the  bulk  of  the  precipitate  and  the  filter 
18  finally  washed  with  30  c.c,  of  water.  To  this  solution  20  c.c,  of 
a  34  per  cent.  ammonium  nitráte  solution  and  1  c.c.  more  of  ammo- 
nium molybdate  are  added,  the  solution  heated  until  it  begins  to 
boil,  and  the  phosphoric  acid  reprecipitated  by  the  addition  of 
20  v.c.  of  hot  25  per  cent,  nitric  acid,  The  phosphoric  acid  is 
determined  by  the  method  of  Woy  (page  348)*  The  nmoimt  of 
phosphoric  acid  found  is  dedueted  from  the  sum  of  the  oxides  and 
the  difTerenco  gives  the  amount  of  V20,. 

Remark. — A.  Gressly  tested  this  method  in  the  author*s  1 a bóra- 
tory  and  made  the  iutercsting  observation  that  if  about  0  15  gm. 
of  Vj06  was  present  with  0.1  gm.  P206>  no  trace  of  the  latter  coidd 
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be  detected  according  to  the   proceduře  of  Woy,  not   evon    on 
boiliug  the  solution.     On  the  other  hand,  an  ímmediate  precipita- 
tion  was  produced  if  a  stron^r  solution  of  animonium  inolyh<i 
were  ušed  (75  gms.  of  ammoniuni  molybdatc  dlssolved  in  500  c,c. 
of  water)  and  this  solution  poured  into  500  ca\  of  nitric  acid. 

The  above-described  separation  gives  correct  results  only  when 
the  vanadium  is  present  as  vanady 1  sulphate;  if  vanad  ic  acid  is 
present  it  is  precipitated  with  the  phosphoric  acid.  If  the  sohi~ 
tion  is  allowed  to  stand  afíer  the  addition  of  the  animonium  molyb- 
dáte,  the  vanadyl  sulphate  is  grádually  oxidized  to  vanadic  acid; 
the  precipitate  therefore  should  not  be  allowed  to  stand  long 
before  filtering. 

Separation  of  Vanadium  from  Molybdenům, 
The  solution  contaifting  the  alkali  salts  of  the  two  acids  is 
ftddiified  with  sulphuric  acid  and  the  molybdenům  preripHated 
in  a  pressure-flask  by  means  <tf  hydrogen  Btllphide,  and  ihe  pre- 
cipitate filtered  off  through  a  Gooch  crucible,  as  described  on 
pp.  221  and  222),  and  weighed  as  MoQ3.  After  removing  the  exr 
of  hydrogen  sulphide  from  the  filtráte*  the  vanadium  is  oxidized 
with  nitric  acid  and  determined  as  described  under  the  Separation  of 
Vanadium  from  Arsenic  Acid,  p.  233, 

Analysis  of  Vanadinite,  (PbatV0,)sCl), 

Beaides  lead,  vanadic  acid,  and  chlorine,  the  minerál  often  con- 
tains  arsenic  and  phosphoric  acids, 

Dctcrmination  of  Chlorine. 

Ahout  1  grn,  of  the  fineJy  powctered  minerál  is  dissolved  in 
dilnte  nitric  acid  (in  order  to  avoid  lo8B  of  chlorine  the  solution  is 
kept  cold),  and  the  solution  is  diluted  with  considerable  water. 
The  chlorine  is  precipitated  with  silver  nitráte  and  the  weight  of 
the  silver  chloride  determined  as  described  on  p.  240. 

Determination  of  hmL 

Tho  filtráte  from  the  silver  chloride  is  treated  with  hydrochlorie 
acid  in  order  to  precipitate  the  excess  of  silver,  and  the  solu- 
tion thus  freed  from  silver  is  evaporated  to  diyness  to  remove  the 
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nitric  Bcid.  The  diy  mass  is  muLsiened  with  hydrochloric  acid, 
95  per  cent.  alculiol  is  added  in  order  to  precipitatc  eompletely  the 
lead  chloride,  and  the  latter  is  filtered  through  a  Gooch  crucible, 
washed  with  alcohol,  dried  at  110°  C.  and  weighed  as  PbClj. 


DetťrminatioJi  of  Vanadium,  Phosphoric  A  ad,  and  Arsenic. 

The  filtráte  from  the  lead  chloride  contains  the  vanadium 
as  vanadyl  salt.  The  alcohol  is  driven  otf  by  careful  heating 
on  the  water-bath,  nitric  acid  is  added  to  the  sohition,  and 
the  latter  is  repeatedly  evaporatcd  in  order  to  oxidize  the  blue 
vanadyl  salt  to  brown  vanadium  pentoxide.  The  dry  mass  is 
washed  by  means  of  m  little  water  as  possible  into  a  weighed  plati- 
li urn  crucible,  the  residue  adhering  to  the  sides  of  the  dish  is  dis- 
Bolved  IQ  a  little  ammonia  and  added  to  it.  The  crucible  is  then 
heated,  at  first  gradually  to  expel  the  ammonia,  and  afterward 
more  strongly  with  ready  access  of  air  (uncovered  crucible)  until 
the  reduced,  dark-colored  oxide  is  changed  over  to  thc.brownish- 
red  pentoxide.     The  teniperature  is  then  raiscd  until  the  vanadium 

de  begins  to  melt.  If  phosphoric  acid  is  present,  its  anhydride 
is  weighed  with  the  vanadium  and  the  amount  of  P,Oft  is  deter- 
mined  as  described  on  p.  234;  this  amount  is  deducted  from  the 
weight  of  the  two  ňxides. 

The  determination  of  arsenic  is  best  carried  out  in  a  separate 
(inrtion.  For  this  purpnse  the  minerál  is  dissolved  in  hot  nitric 
acid,  the  pxeater  part  of  the  excess  of  the  acid  is  removed  by 
rvaporation,  the  sohition  is  diluted  with  water,  and  the  lead 
p&ecip&tated  by  the  addition  of  sulphtiric  acid.  From  the  filtráte, 
the  last  portions  of  lead  and  arsenic  are  prcripitated  by  hydro- 
gen  sulphide.  after  previous  reduetion  with  sulphurous  acid, 
The  filtered  precipitatc  m  digestcd  with  sodium  sulphide  and  the 

nic  precipitated  from  the  solutioB  thus  obtained  by  the  addi- 
tion of  hydrochlorie  acid.    The  arsenic  sulphide  ifl  then  changed  to 

enic  acid,  preferabh-  by  disBolving  in  animoniacal  hydrogen 
peroxide,  and  is  přeci  pitated  as  magnesium  ammonium  arsenate 
and  determined  according  to  p.  165. 
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Determination  of  Vanadium  and  Chromium  in  Iron  Gres 
and  Rocks. 

Méhoi  0/  H\  F,  Hillebrand* 

As  vanadium  often  0C6UI9  in  many  ores  of  iron  and  in  rocks, 
although  in  very  small  amounts,  it  is  often  of  interest  and  of  im- 
portance  to  be  able  to  determine  it  in  such  cases.  For  this  puroose 
it  is  best  to  proceed  as  follow 

Rve  gSOOi  oí  the  finety  jwnvdered  minerál  are  mixed  with  20  gms. 
soilium  carbonate  and  3gm&  potaariuxn  nitráte  and  fused  over  the 
ulust-lainp.  The  green  fUEOQn  (eontainiiig  manganese)  is  extraeted 
with  wateTj  a  fcw  drops  oí  alcohol  are  ftdded  to  reduee  the  man- 
ganese, and  the  residue  is  filtered  off.f 

The  aqueous  solution  eontains  soilium  vanadate  and  often  phos- 
phate,  chromáte,  iiiolybdatefaluminate,  and  eonsiderable  silieate  as 
well     First  of  all,  the  aluminium  and  the  greater  part  of  the  silicic 

l  are  removed  by  nearly  neutra! izing  the  alkaline  solution  with 
nitrie  arid.J  It  is  vi-rv  iniportant  that  the  solution  is  not  páde 
acid  at  this  point  on  account  of  the  redueing  action  of  the  nitrous 
acid  set  free  from  the  nitrite  formed  duríng  the  fusion.  The 
almost  nrutrai  Bohition  is  ev&ponrted  nearly  to  diynesa,  tuken  up 
in  water,  and  filtered, § 

The  eold  alkaline  solution  is  now  treated  with  an  almost  neutra] 
solution  of  mercuroua  nitráte  until  QO  furlher  precipitation  takés 
pláce.  The  somewhat  voluminous  precipitate  contains.  boádefl 
memirous  carbonate.  also  its  chromáte,  vunadute.  EDOlybd 
arsenate,  and  pho*phut<\  if  the  corresponding  element  s  are  present 
in  the  minerál.  If  the  preeipitate  is  tou  bulky,  a  lit t Ir  nitric  acid 
u  eautioualy  added,  and  tlien  a  drop  of  mereurous  nitráte  in 
order  to  aee  if  the  precipitation  is  oomplete. 

The  liquid  is  beated  to  boiling,  filtered,  the  precipitate  washed 

♦  Amer,  Jotou.  Scienoe,  [4]  VI,  p,  20Q|,  utd  Cbem.  NotSi  78f  216. 

t  If  oonsider&bfo  vanadium  \s  preoeni,  the  HiaotuJth  residue  always  eon- 
tains  vanadium  and  musí  lir  íusrd  with  soda-nitre  splín. 

}  The  amCKint  of  nitric  uciiJ  necessary  to  neutruTizt*  2Ú  pna.  of  soda  is 
detenwned  by  a  blank  test. 

jThe  residue  of  aluminium  hydroxide  and  silicic  acid  nlrnost  nevěr  con- 
tains vanadium,  hut  contains  chroiniurn,  If  it  is  desired  to  dstcnnilM  the 
latter.  the  residue  is  evaporated  to  dryness  with  hydmlluonr  and  BUlphwta 
acids,  the  drv  mass  is  fused  with  soda  and  nitře  agarn,  and  the  aqueous  solu- 
tion of  the  melt  added  to  the  tnain  solution. 
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with  water  contaíning  ammoiiium  nitráte,  dried,  and  ignited  in  a 
platinum  crueible  at  as  low  a  tcmperature  as  po*sible.  The  ignited 
raddufl  is  fused  with  a  little  sodium  earbunate,  the  melt  extx&ctad 
with  water  and,  if  yellow-colored ,  it  is  filtered  into  a  25-e.c.  flask 
and  the  amount  of  chromium  determined  colorinictrically  by  tom- 
pariug  its  color  with  a  carefully  prepared  solution  of  potassium 
chromáte. 

The  solution  is  then  slightly  acidified  with  sulphuric  aeid,  and 
the  molybdenům,  arsenic,  and  traces  of  platinum  preeipitatcd  by 
hydrogen  sulphide  in  a  pressure-flask,  The  preeipitafed  aulphides 
are  filtered  ofí,  the  filter  tngether  with  the  preeipitate  is  carefully 
ignited  in  a  poreelain  crueible,  a  few  drops  of  sulphuric  aeid  are 
added  and  the  crueible  heated  again  until  the  aeid  is  almost  com- 
pletely  reinoved.  On  cooling  the  mass  is  colored  a  beautiful  blue  if 
molybdenům  is  present, 

The  filtráte  from  the  above  preeipitate  is  freed  from  the  eX- 

cess  of  the  hydrogen  sulphide  by  boiling  and  passing  a  streani  of 

carbon    dioxide  tfalttUgfa  it,  and  the  kot  solution  is  then  titratcd 

N 
to  a  pink  color  with  — -  potassium  permanganate  solution  (cf.  \  ol. 

Anak).  In  order  to  obtain  absohrtdy  aocuxate  results,  the  solu- 
tinn  is  now  reduced  by  means  of  sulphur  dioxide  and  the  titration 
repeated.  The  mean  of  the  two  experiments  gives  the  vanadium 
value. 

This  met  hod  gives  correct  results  only  when  the  amount  of  chro- 
mium present  is  very  small,  which  is  truc  in  the  majority  o f  ci 

In  čase  more  than  5  nigm.  of  chromium  are  present  a  eon-erťmn 
must  be  made,  for  a  measurable  amount  of  permanganate  is 
ušed  up  in  oxidizing  the  chromium,  This  is  determined  by  tak- 
ing  a  solution  contaíning  the  samé  amount  of  chromáte  as  the 
analyzed  solution,  reducing  it  with  sulphurous  aeid,  and  títrat- 
ing  with  permanganate.  The  amount  of  permanganate  now  Ušed 
must  be  subtraeted  frmu  the  amount  ušed  in  the  analvsis,  and  from 
the  differenee  the  amount  of  vanadium  present  is  C&lculated. 

Deterraination  of  Vanadium  and  Chromium  in  Pig  Iron. 

From  5  to  10  gms.  of  the  iron  are  dissolved  in  dilute  hydro- 
chlorie  aeid  in  a  flask,  meanwhile  passing  a  eurrent  of  carbon  diox- 
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iile  through  the  liquid,  For  each  gram  of  iron  taken,  5  c.c.  of 
hydrochloric  acid,  sp.  gr.  L12  and  10  c.c.  of  water  are  ušed.  The 
sokitioii  is  hastened  by  warming.,  finál  ly  boiling  it  until  there  is  no 
umře  evolution  of  gas.  It  is  now  diluted  with  an  equal  volume  of 
water,  allowed  to  euol,  and,  without  fiitering  ofí  tlie  slight  residue, 
an  excess  of  barium  carbunute  is  added  and  the  mixture  allowed  tu 
stand  for  tweuty-four  hours  with  frequent  shaking.  The  residue 
is  filtcred  off,  rapidly  washed  with  culil  water,  dried  and  ignited  m 
a  platinuji!  cmeíble  in  ordcr  to  burn  off  the  carbon,  Five  parta  of 
sodiuin  earbonato  and  oae  part  u{  nitro  are  \\w\\  added  to  the  con- 
tents  of  the  cntcible  and  the  mixture  [fl  heatcd  to  quiet  fusion. 

The  fusion  is  leached  with  water  and  the  solntion  thufl  ubtained 
contains  all  the  chromium  as  chromáte,  and  the  vanadium  as  vana- 
date  iíi  the  presence  of  alkali  silicate  and  plmsphate.  The  aque- 
ous  solution  is  DOW  nearly  neutralized  with  nitric  acid,  bein^:  eare- 
ful  not  to  make  the  solutíon  acid  as  the  nitrous  acid  set  free  will 
reduce  BOOM  of  the  vanadium  and  chromium.  The  barely  alkaline 
solutinn  m  then  treated  with  an  a]  most  neutral  sólu  ti*  m  \^[  mercu- 
rmis  nitráte  until  DO  further  přeci pitat ion  takés  plaee,  the  liquid  is 
beated  to  boiling,  filtcred  and  washed  with  water  euntaining  a  lit  tle 

rurcíiis  nitráte.     After  drying,  as  much  of  the  precipitate  as 

ribfa  is  transferred  to  a  platinum  crueible,  the  filter  burned  by 
itself  antl  ita  ash  added to  tlie  main  port  ion  of  the  precipitate,  whieh 
is  ignited  to  remuve  the  mercury.     The  residue  is  fused  with  a  lit  I  !>■ 

i  um  carlxmate,  the  melt  extracted  with  water,  and  the  solution 
fiHered.  In  caae  the  filtráte  is  colored  yellmv,  the  amonnt  of 
chroiniurn  present  is  detemiined  colorimetricallv  *  by  placing  the 
s<  ►hltioB  in  a  graduated  cylinder  and  comparing  itseolor  with  a  potas- 
síum-ehrotnatc  solution  euntaining  a  known  amount  of  ehromium, 
The  solntion  is  then  acidified  with  sulphuric  acid  and  hydrogen 
sulphide  is  conducted  into  the  boiling  solution  to  precipitate  aree- 
nie  and  platinum.     After  fiitering,  the  hydrogen  sulphide  is  re- 

*  The  colorimetric  determination  is  oaly  SUitabk  whm  small  amounts  are 
present.     When  mnsiderable  chromium  is  present  (chromé  stecl)  the  r^sults 
úbtaíoad  by  the  colorimetric  determinntton  m:iy  lie  M  much  as  2  per  ren;. 
Iiitih.     In  such  cases  the  chromic  acid  is  titrated  with  íerrous  sulphate  (see 
Vol.  AnaD- 
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X 
moved  and  the  bol  solní  ion  titrated  with  — -  potassium  perman- 

ganate  soJution  (oř.  Volumetric  Anály 

METALS  OF  GROUP  I. 

SILVER,  LEAD,   MERCUROUS   MKIíiTliY    (AUD   TIIALLIOl  U 

The  de  term  mat  ion  of  lcad  and  mereury  has  alrcady  been 
considered;  it  remains  for  us  to  discuss  the  deterniination  of  silver. 

SILVER,  Ag.     At.  Wt.  107.93. 

Fornis:   AgCl  and  Ag. 

Determination  as  Silver  Chloride,  AgXl. 

The  solution,  sli^htlv  acid  with  nitric  acid,  is  heated  to  boiling 
and  the  silver  precipitated  by  the  addition  of  hydrochloric  acid, 
drop  by  drop,  until  no  more  precipitate  is  formedL  The  precipitate 
is  allowed  to  set  tle  in  a  dark  pláce,  filtered  through  a  Gooeh  cruci- 
ble and  washed,  first  with  water  containing  a  lit  tle  nitric  acid  nutil 
the  chloride  test  can  no  longer  be  obtained,  then  twice  with  alcohol 
oř  water  in  order  to  remove  the  nitric  acid,  The  precipitate  is 
dried  first  at  100°  C.  and  finally  at  130°  C,  till  a  constant  weight  is 
obtained.  If  it  is  not  desired  to  use  a  Gooch  crucible  for  this 
determination,  the  silver  chloride  can  be  filtered  upon  an  oním  ary 
washed  filter,  washed  as  before  and  dried  at  100°  C.  As  much 
of  the  precipitate  as  possible  is  transferred  to  a  weighed  ptircelain 
crucible,  the  filter  burned  (as  described  on  page  19)  in  a  platinum 
spirál  whereby  some  of  the  silver  chloride  adhcring  to  it  will  be 
reduced  to  metal.  The  ash  of  the  filter  is  added  to  the  main  pnr- 
tion  of  the  precipitate.  It  is  moistened  with  a  little  nitric  acid  and  a 
drop  oř  two  of  concentrated  hydrochloric  acid,  dried  on  the  water- 
bath  and  then  heated  over  a  free  fláme  until  the  silver  chloride 
begins  to  melt.     After  cooling  in  a  desiccator  it  is  weighed. 

Determination  as  Metal,  Ag. 

Metallic  silver  is  obtained  by  the  ignition  of  silver  oxide,  car- 
bonate,  cyanide  or  the  salt  of  an  organic  acid.  In  the  latter  čase, 
the  substance  must  be  heated  verv  cautiously  at  first  in  a  rovem  1 
OTUCtble,  When  the  organic  substance  is  completely  charred, 
the  cover  is  removed  from  the  aruábte  and  the  coritents  are  ignitcd 
until  the  carbon  is  completely  burned,  and  the  crucible  then  weighed. 
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From  the  chloride,  bromů  Ir  (but  not  the  iodide)  and  Bulphide, 
the  metal  mav  b»*  uhra  i  ned  by  iglliting  in  A  current  of  hydroývn. 
Tlu*  reduction  of  the  chloride,  bromide,  and  iodide  rnay  be  effeet- 
ed  verv  cnnveniently  by  passing  the  electric  current  through 
the  substance  after  It  has  becn  niclted  together.  The  porceluin 
crucible  cnntaining  the  silver  halide  is  placed  in  a  crystallizhig 
dlsh  and  near  it  is  placed  a  second  crucible  containing  a  lit  tle 
mercury  and  u  small  piece  of  zine.  Upon  the  silver  salt  is  placed 
a  sinali  disk  of  platinum  foil,  which  is  fastened  to  a  platinum  wire; 
the  other  end  of  the  wire  dips  in  the  mr-reury  in  the  other  crucible. 
The  crystallizing  dish  is  hlled  with  dilute  sulphuric  acid  (1:20) 
so  that  the  crucible  ifi  enťuely  covered  with  the  acid  and  it  is  then 
allowed  to  stand  over  night.  Next  morning  all  of  the  silver  salt 
will  be  found  to  be  reduced.  The  crucible  is  rcmoved  from  the 
acid,  washed  with  water,  dried,  ignited,  and  mjgbed,  By  this 
siruple  method,  E,  Lagutt  obtained  excellent  results,  If  the 
silver  halide  has  not  becn  fnsed  to  a  compact  maas  small  particles 
of  the  silver  precipitate  are  likely  to  float  around  diiring  the  opera- 
tion,  and  escape  reduction. 

Silver  ean  also  be  deposited  electrolytically,  but  this  method 
will  not  be  described  in  this  book,  for  it  offers  no  partieular  advan- 
tages  over  the  determination  as  silver  chloride  with  a  Gooch  cru- 
cible. 


Separaíion  of  Silver  from  Other  Metals. 

As  almost  all  metal  chlorides  are  soluble  in  dilute  hydroehloric 
acid,  silver  is  separated  from  the  other  metals  by  the  addition  of 
hydroehloric  acid  to  the  sólu  tion.  If  the  solution  contains  mer- 
curous  salts  these  are  oxidized  before  the  addition  of  the  hydro- 
ehloric acid  by  boiling  with  nitric  acid. 

For  the  separation  of  silver  from  gpld  and  platinum  in  alloys 
consult  pages  197  and  208. 


GRAVIMETRIC  DETERMINATION  OP  THE 
METALLOIDS   (ANIONS). 


GROUP  i. 

HYDBOCHLORIC,  HYDROBROMIC,  HYDRIODIC,  HYDRoCYANIC 
HYDRO!  KKKih  Y\\I(\  HYDROFERRICYANIC,  SULFHGCY* 
ANIC,  AND  KYPOCHLOROUa   ACIDŠ. 

HYDROCHLORIC  ACID,  HO.     Mol.  Wt.  36.46, 
Form:  Silver  Chloride,  AgCl. 

We  can  distinguish  betweeu  two  ca 

A.  The  chloride  solution  \ě  present  cit  her  m  free  hydrochloric 
acid  oř  as  a  chloride  soluble  in  water. 

B,  It  is  present  in  the  forra  of  an  insolublc  chloride. 

A.  The  Chloride  is  Present  in  Aqueous  Solution. 

If  oni y  metals  of  the  alkali  or  alkaline  earth  groups  are  present, 
the  cold  solution  is  made  slightlv  acid  with  nitric  acid,  and  silver 
nitráte  is  slowly  added  with  cottstant  stirring  until  the  precipitate 
oolleetfl  together  and  further  additíoo  of  the  reagent  produces  no 
more  precipitation.  The  liqiiid  is  nuvv  hcated  to  boiling,  the  pre- 
cipitate alknved  10  set  tle  in  the  dark,  filtered  through  a  (iooeh 
crucible.  and  then  treatrd  exaetly  as  deseribed  in  the  deterrnina- 
tion  of  siiver,  page  240. 

If  the  aqueous  solution  containa  a  chloride  of  a  heavy  metaly 
it  is  not  always  possible  to  follow  the  above  proceduře.  If,  for 
example,  substances  are  present  whieh  on  boiling  are  ohanged  to 
insoloble  basic  Balte,  it  is  evident  that-  the  precipitate  of  sil  vor  chlo- 
ride would  be  eontamiuated  with  these  substances  and  too  high 
n-utts  would  be  obtained.  This  is  particularly  truc  of  stannic 
and  ferric  salts.    Ferrous  salta,  on  the  other  hand,  in  čase  onlv  lit  1 1<_* 

242 


HYDROCHLORÍC  ACID. 


243 


nitric  acid  is  prezent,  reduce  silver  nitráte  to  metallie  silver  on 
heating  the  solution;  if  enough  nitric  acid  is  present  to  prevent 
the  reduction  to  silver,  the  danger  of  forming  basic  salts  still 
remains  to  be  feared,  In  such  cases  the  precipitation  is  efíected 
as  before  from  a  cold  solution  and  the  subsequent  heating  is 
omitted. 

In  all  cases,  however,  it  is  better  to  first  remove  the  heavy 
metal  by  precipitation  with  ammonia,  caustic  soda  oř  sodium 
carbonate. 


Example  :   Anály  sis  of  Commercial  Tin  Chloride. 

Tin  chloride  is  obtained  either  as  a  solid  salt  corresponding 
to  the  fonnula  SnCl4  +  5HaO,  oř  as  a  concentratcd  aqueous  solu- 
tion. 

As  both  the  solid  salt  and  ite  coneentrated  solution  are  very 
hygroscopic,  it  is  necessary  to  weigh  out  the  portion  for  analysis 
from  a  stoppered  vesseL     It  is  best  to  proceed  as  follows: 

A  large  sample  of  the  substance  (about  10  gni.)  is  placed  in  a 
tared  weighing  beaker,  dosed  and  weighed.  About  10  c.e.  of  water 
are  addeií,  the  salt  is  conipletely  rlissolved  to  a  homogeneous 
syrup  by  shaking,  and  the  beaker  is  again  weighed.     Four  more 

Jiing  beakers  are  now  tared  and  mto  eMh  is  placed  about 
2  c.c.  of  the  syrup.  Each  beaker  is  quickly  stoppered  and  then 
hed. 

lh  U  rmiruition  of  Tin. — The  contents  of  one  of  the  weighing 
beakers  is  washed  into  a  400-500-c.e*  beaker,  diluted  to  about 
300  c,c.  and  a  few  drops  of  methyl  orange  are  added,  whereby  ihe 
liquid  is  colored  red.  Ammonia  solution  (free  from  chloride)  is 
now  added  until  the  eolor  of  thr  snlutinri  is  changed  to  vellow  (an 
excess  of  ammonia  must  be  carefully  avoided  for  tin  hydrox- 
ide is  somewhat  soluble  in  arnmonia).  The  solution  is  then  treated 
with  amrnoniurn  nitráte  (5  c.c.  of  coneentrated  ammonia  exactly 
neutralized  with  nitric  acid.  sp.  gr.  1.2)tboiled  for  one  or  two  min- 
utes,  filtered,  and  washed  with  water  containing  ammonium  nitráte, 
and  weighed  as  SnQj. 

Drtrrminatwn  of  Chlorim, — The  filtráte  from  the  tin  hydroxide 
precipitatě  is  acidified  with  nitric  acid,  and  precipitated  in  the  cold 
with  silver  nitráte.    The  solution  is  then  heated  to  boiling  and, 
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after  the  precipitate  has  setťled.  it  is  filtered  through  a  Gooch 
crucible,  washed  with  cold  water  oootainitig  i  Uttle  nitru  acid, 
then  with  cold  water  or  alcohol,  flried  at  130°  C,  and  weighed. 
The  amount  of  tin  and  chlorine  present  is  computed  as  follows: 

Weight  of  Solid  Salt  =  ,4. 

Weight  of  the  Solid  Salt  +  Water  =  B. 

Weight  of  the  SolutíoD  taken  for  Analysis^a. 

Weight  of  the  Sn02  found=p. 

Weight  of  the  AgCl  found=p'. 

Since  B  gm.  of  the  solution  contain  A  gm.  of  the  solid  salt, 
then  the  amount  a  of  the  solution  taken  for  analysis  will  contain: 

B:Á  =  a:x 
A  a 


B 


=  wt.  of  substance  taken. 


This  amount  of  substance  yielded  p  gm,  SnQa,  corresponding 


to: 


SnO^Sn-p:^ 


*>  = 


Snp 
SnO, 


and  in  percentage: 


A*aSn-p 
"B":Š50,a 


100:*" 


WOSnpJS 
r       SnO,   a  A    %bn' 

In  the  samé  way  the  amount  of  chlorine  present  is  found  to  be: 
100C1  prB 


AgCl    a- A' 


This  analysis  may  be  aecomplished  much  more  rapidly  by  a 
volumetric  proceas.     {Consult  Vol  Anal.) 

If  antimony  or  stannous  compounds  are  present,  the  above 
proceduře  cannot  be  ušed,  It  has  been  proposed  to  add  tartaric 
acid  to  the  solution,  then  dilute  with  water  and  precipitate  the 
chlorine  with  silver  nitráte.  It  is  better,  however,  to  proeeed  as 
follows:  The  antimony  is  precipitated  by  hydrogen  sulphide  as  ita 
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sulphide,  the  excess  of  the  latter  is  rcmoved  by  patting  carbon 
dfcorfdi  through  the  solution,  tftes  which  the  precipitate  ta  filtercd 
and  washed.  Tta  filtráte  rnniaining  nll  the  ehlorine  is  nud* 
slightly  animoniaeal,  a  little  hydrogtf)  peroxide  oř  potassium  per- 
carbonate  is  atkled  (both  reagcnts  nuist  be  free  from  chloride)  and 
the  Bolution  Imilerl  until  the  excess  of  the  peroxide  is  dartroyftd. 
By  this  treatriient  traees  <>í  bydřogen  sulphide  reniaining  in  the 
solution  are  oxidized  to  siilpliuric  acid.  After  cooling,  the  snlu- 
tion  is  acidified  with  uitric  acid,  and  the  chlorine  determined  as 
silver  chloride  as  desrrihed  abnve, 

.Wurding  to  this  met  hod,  ehlorine  mav  be  determined  in  the 
presence  of  large  amounts  of  hydřogen  sulphide  wíthont  difficulty. 

It  is  less  praetical  to  proeeed  as  follows:  The  solution  is  satu- 
rated  with  ammonia  and  the  hy drogou  sulphide  is  procipit.ated  by 
the  addition  of  ammnniacal  silver  nitráte  solution,  the  deposiied 
silver  sulphide  is  filtercd  offt  washed  with  ammonia,  and  the  silver 
chloride  precipitated  from  the  filtráte  by  acidifying  with  ni  tri  c 
acid. 

B.  Analysis  of  an  Insoluble  Chloride. 

The  substance  is  boiled  with  sodium  earbonate  solution  *  (free 
from  chloride),  and  the  chlorine  determined  in  the  filtráte  as  before. 

Many  chloride,  e.g*  silver  chloride,  many  niirierals  such  as 
apatiteft  aodalite,  and  roeks  containing  the  latter,  are  not  decom- 
posed  by  boiling  them  with  sodium  earbonate.  In  such  cases,  the 
substance  must  be  fttserf  with  sodium  earbonate. 

Silver  chloride  should  be  mixed  with  three  times  as  much 
sodium  earbonate  and  heated  in  a  porcehun  rmcible  until  the 
mass  has  sintered  tngetlier.  The  roass  is  tfeated  with  water,  the 
insoluble  silver  ťiltered  ofT,  aiul  the  chlorine  determined  in  the  fil- 
tráte as  under  (o). 

For  the  detortnination  of  chlorine  in  rocks,  1  gm.  of  the  finely- 

*  Mercurous  chJnride  ia  decomposed  only  slowly  by  sodium  earbonate 
solution,  but  readíly  acted  Upoo  by  pota«aium  oř  sodium  hydroxide. 

t  Accordrng  to  Jannasch,  chlorine  in  apatite  may  be  determined  by  treat- 
ing  the  fiuely  powdered  mineml  with  nitrie  edd  and  silver  nitráte  on  the 
water-bath-  Everything  goes  into  solution  with  the  exreption  of  silver 
chloride,  which  is  filtercd  off  and  weighed,  (This  does  not  apply  to  a  sainple 
of  apatite  contaminated  with  silica  oř  silicates.) 
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powdered  materiál  is  fused  witb  four  oř  five  times  as  much  sodium 
carbonate  (oř  with  a  mixture  of  equal  pocta  sodium  and  potušením 
carbonates)  at  first  otlř  a  Ruusen  bitrner,  afterward  over  a  Tedu 
burner  oř  the  blast-lanip,  The  melt  is  extracted  with  bot  water. 
After  cooling,  methyl  orange  is  added,  the  solution  is  acidifienl 
With  nitru-  aeid  and  allowed  to  stand  ovemight.  If  silicic  aeid 
has  precipitated  out  by  the  next  morning,  a  little  amnionia  is 
added,  the  solution  is  boiled,  filtered,  and  washed  with  bot  water, 
The  cold  filtráte  is  acidiSed  with  nitric  aeid  and  the  chlorine 
dctormined  as  above. 

If  there  is  DO  separation  of  silicic  aeid  <m  acidifying  the  water 
cxtractinn  f>f  the  fusion  with  iiitric  aeid,*  the  chlorine  is  precipi- 
tated at  once  from  the  cold  aohltíon. 

Free  Chlorine. 

If  it  is  desired  to  detennine  gravimetrically  the  amount  of 
chlorine  in  a  sample  of  chlorine  water,  it  is  not  possible  to  sim  piv 
add  silver  nitráte,  for  all  of  the  chlorine  is  not  precipitated  as  silver 
chloride;  a  part  of  it  remains  in  solution  as  soluble  silver  chlora 

6C1+  3HtO+  BAgNO.-SAgCH-  Ag€10a-f  6HN(  \. 

The  chlorine,  therefore,  must  be  áha&ged  tu  hvdrochlorie  aeid 
or  to  one  of  its  salts  before  attempting  to  preripttate  with  silver 
nhrate.f     This  mav  be  aecmtiplished  in  severní  ways: 

1 .  A  definite  amount  of  the  chlorine  water  is  t  ransf erred  by  n : caus 
of  a  pipeto  to  a  flask  eontaining  amnionia  and  after  mixing  the  solu- 
tion is  haftted  to  boiling,  After  cooling  the  licjuid  is  acidified  with 
nitric  aeid  and  precipitated  by  silver  nitráte.  The  amnionia  con- 
verts  the  chlorine  partly  to  ammonium  chloride  and  partly  to  am- 
monium  hypochlorite.  The  latter  is  deoomposed  partly  in  the  cold 
and  quanti .táti vely  on  warminginto  ammonium  chlorid  eand  nitrogen: 

(a)  2XH.OH  +  2C1  -  XII.C1  +  NH.OC1  +  H j  I ; 
(h)  3NH4Oa-f2NHs-3H,0+N,+3NH4a 

*  Aecordíng  to  \\\  F,  Htllchrand,  there  is  no  separatiofi  of  silicic  aeid  to 
be  fe&red  from  1  gm.  of  the  pul)  slánce. 

t  In  other  Wtitdft,  the  chlorine  must  be  prese  rit  in  the  ionic  condition, 
(Tninslator). 
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2.  The  chlorine  water  is  treated  with  an  cxcess  of  sulphurous 
I,  the  solution  is  made  amnioniacal,  hydrogcn  peroxide  is  addcd, 

and  the  liquid  boilcd  undl  Ihe  6X06Bfl  of  hjátOgĚSk  peroxide  is  rc- 
moved.  After  eonling  tfn  solution  is  aeidilied  With  nitric  acid, 
diluted  with  water,  and  the  chlorine  precipítated  by  means  of  silver 
nitráte. 

3.  The  chlorine  water  is  bttftted  with  dilute  caustic  soda  solu- 
tion, an  aqueous  solution  of  sodiutn  arsenite  is  added  (arsenie 
trioxido  dlssolved  in  sodium  carbonate)  nntil  a  drop  of  the  liquid 
will  not  turn  a  piece  of  iodo-starch  páper  bluc.  It  is  then  acidi- 
fied  with  nitric  acid  and  the  chlorine  precipitated  by  a  solitblc 
silver  salt. 

If  the  solution  contains  both  free  chlorine  and  hydrochloric 
acid,  the  total  chlorine  ii  determined  by  one  of  the  above  methods, 
while  the  free  chlorine  is  determined  in  a  separate  sample  by  a 
volume tric  process  (see  Iodimetry). 


Determination  of  Chlorine   in  Non-electrolytes  (Organic 
Compounds). 

A.  Method  of  Carius* 

Principte. — The  method  is  based  upon  the  fact  that  all  organic 
compounds  are  decomposed  by  heating  with  concentrated  nitric 
acid  at  a  high  tempera  ture  under  pressure.  If  the  substance  con- 
tains hafogen  (sulphur,  phoeptorq^  oř  arsenie,),  it  is  first  set 
free  as  soch,  bili  on  aeemint  of  the  reducing  action  of  the  nitrous 
acid  formed  it  is  then  ehanged  over  into  its  hydrogen  conipoimd. 
The  latter,  however,  is  partly  oxtdized  by  the  nitric  acid.  The 
reaction  is  therefore  a  reversible  one.  lff  on  the  other  hand,  tne 
substance  is  heated  under  the  sante  conditions  with  nitric  acid  111 
the  presence  of  silver  nitráte,  the  halogen  hydride  is  converted  into 
silver  halide  as  fast  as  it  is  formed  and  the  halogen  is  in  this  čase 
quantitatively  ehanged  into  its  silver  salt.  Sulphur,  phosphorus, 
and  arsenie  are  oxidized  ín  the  samé  way  to  sulphuric,  phosphorir, 
and  arsenie  acids  and  any  metals  present  form  nitrates. 

*  Ann.  d.  Chem.  u.  Pharm.  (1865),  130,  p.  129,  and  Zeit.  f.  anal  Chem. 
4,  p.451. 


S48     GRAVME7RIC  DETERMINMTION  OF  THE  METALLQ1DS. 


\ 


Proceduře  for  the  Halogen  Detcrminatifn. 

A  glass  tube  made  of  difficultly  fusible  glass  (about  50  cm. 

long,  2  cm.  in  dianieter,  with  walls  about  i  mm.  thick)  is  sealed  at 

ud,  thornughly  cleaned  and  dried  by  sucking  air  thrnugh  it. 

About  0,5  gnu  of  powdered  silver  nitráte  (oř  in  the  čase  of 

substances  rich  in  halogen  as  much  as  J  gm.  niay  be  ušed)  is  trans- 

ferred  to  the  tube  by  pouring  the  powcler 

through  a  cvlinder  made  by  rolling   lip  a 

piee.e  of  glaml  páper  and  shoving  the  páper 

into    the    tube    until    it   reaches   ahout    the 

middle  of  it,     About   40  e.c.  of  pure  nitrie 

acid   (sp.    gr.   1.5)    free   froin     chlorine   are 

poured   iato   the   tube    through   a   funnel 

whosc  stem  is  almut  40  cul  Ion*:.  In  this 
way  oni  v  the  lovver  half  of  the  tube  is  wet 
vvith  tlie  acid,  The  tube  is  then  inclined 
to  oiie  side  and  froin  0.15-0.2  gm.  of  the 
substance  contained  in  a  sinali  glass  tube 
closed  at  one  end  is  intrudueed  into  it  (ihis 
smaller  tube  should  be  about  5  cm.  loog 
and  5  mm.  wide).  As  soon  as  the  tube 
containing  the  substancí'  luis  reached  the 
acid,  it  remains  suspended  (Fig.  42T  a),  It 
is  very  important  that  the  substance  should  not  conie  in  contact 
with  the  acid  before  the  tube  is  etosed  at  the  npper  end,  as  other- 
wase  there  is  fikelihood  oř  Bome  halogen  eao&piqg, 

The  upper  end  of  the  tube  is  now  heated  verv  eautionsly  in 
tlie  fláme  of  the  blast-lamp  until  the  tube  bcgins  f<>  soften  and 
thícken  (ftg,  42,  i),  Tt  is  then  drawn  out  into  a  3-5  cm.  long, 
thick- walled  rapillary  and  the  end  fused  togeiher  ( Fig.  42,  c). 

After  the  tube  has  become  cold,  it  is  eitveloped  in  asbestos 
páper,  carefully  shoved  into  the  iron  maní  Ir  qf  a  "bomb  furnace," 
and  gradually  heated.  Alíphatic  substaaoee  are  usually  decom- 
posed  by  heating  four  hours  at  150-200°  C;  substanees  «>f  the 
aromatif  i-uallv  require  from  eigjht  to  ten  hoiIXB1  heating  at 

250-300°  C,  while  in  some  cases  an  even  longer  heating  at  a  higher 
tem  pera  ture  fa   neressary.     The   titne  an<l  tempera  ture  inust  be 
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found  out  for  each  substance  by  experiment.  The  decompositinn 
is  complete  when  on  cooling  the  contents  of  the  tube  neith«»r 
nor  drops  oř  oil  are  to  be  reeognizecL*  The  heating  is  so 
regulated  that  after  three  hours  the  temperature  of  about  2CM) 
fa  reached,  after  three  hours  more  250-270° C,  and  finally  after 
another  three  hours  a  tem  pera  ture  of  about  300*  ftttaaned  t 
After  the  hmtjng  ia  fmishod,  lbe  tuho  is  allowcd  to  000]  Dompletdj 
in  the  furnace,  the  iron  mantle  fogether  with  the  tube  is  then 
ronioved,  and  by  slíghtly  indmiag  the  mantle  t^be  oapQUry  of  the 
tube  is  brought  out  into  the  open  air.  In  most  cases  a  drop  of 
liquid  will  be  found  in  the  point  of  the  latter.  In  order  not  to  lose 
this,  the  outrr  point  of  the  eapillary  is  carefuliy  heated  with  a 
free  fláme,  and  by  this  means  the  liquid  is  driven  back  into  the 
other  part  of  the  tube.  The  point  of  the  eapillary  is  now  mon 
strnngly  heated  í  until  the  glass  softens,  when  it  will  be  blown  out 
ba  cnnsequence  of  the  pressurv  wíthin  the  tube.  The  gas  escu 
with  a  hissing  Bound.  When  the  contents  of  the  tube  are  at  the 
at-uosphcric  pressure*  a  scxatch  is  made  upon  it  with  a  Sk  just 
belowthe  capillary,  and  this  is  touehed  with  a  hot  glass  rod,  wherohv 
the  tube  usually  breaks  and  the  upper  part  ean  be  rnnoved.  The 
contents  of  the  tube  are  then  carefuliy  poured  into  a  fairly  large 
beaker  without  breaking  the  lít  tle  tube  in  which  the  substance 
wi-iiíhedoutT  and  the  inner  part  * >f  the  tube  as  well  as  its  eapillary 
is  washed  out  with  water.  The  liquid  in  the  beaker  is  dflttted  tn 
about  300  c,<\  and  heated  to  boilirig.  After  cooling,  the  insoluble 
ailver  halide  is  filtered  off  through  a  Gooch  crucible,  and  after 
washing  aarl  drying  at  130°  0,  iis  weight  is  deternu! 

If  it  is  thought  that  the  přeci pitate  is  contaminated  by  frag- 
ments  of  broken  glass,  as  is  often  the  čase  even  with  careful  work, 
the  clear  liquid  is  decanted  through  a  filter,  the  residue  washed  by 

*  Sometimes,  with  substances  rich  in  BUlphur,  rrystalaof  Dit  rusý  I  sutphuric 
acid  are  íonned  and  adhero  to  the  Úám  of  the  tul»e.  They  are  easily  distm- 
guished  from  crystals  of  the  undecom  posed  substance, 

t  Such  a  high  pressurt*  is  often  altaíned  that  tht  tubo  bnrsts  &b  soon  as  it 
ti  heated  verv  hot,  In  such  cases  it  should  be  heated  to  only  200*  C,  allowed 
►ol,  the  capillary*  opened  and  the  gas  set  free.  It  Is  then  fused  together 
again  and  heated  to  the  desired  temperature. 

%  Before  huating,  the  tube  and  the  hand  should  be  wrapped  in  a  towel  to 
avoid  aceideiiH, 
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deca&tation  svitli  ven-  dilute  nitric  acid  to  the  disappearance  of 
tlie  silver  reaction,  and  the  residue  (exsepl  whcn  it  ifl  silver  iodide) 
ta  diflfiolved  in  warni  ammonia  water.  The  šolutiOB  ifl  lilinvd 
tfalUUgfa  the  samé  filter,  but  the  filtráte  is  this  Ume  eollectfld  in  B 
Eresh  beaker.  After  washing  the  filter  with  ililute  ammonia,  the 
filtráte  is  acidified  with  nitric  acid,  heated  t«»  boiling,  and  after 
allowing  the  nlv$r  Bhloadfl  oř  bromide  to  settk  in  the  dark,  it  is 
filtered  through  a  Goocb  CttMStbfe,  dried  at  130°  C.t  and  weighed. 

In  the  čase  of  silver  iodide,  It  cannot  be  dissolvcd  in  animonia 
and  in  this  way  separated  from  sphnlcrs  of  glass.  In  tliis  čase  the 
substance,  together  with  the  glass,  is  filtered  through  an  ordinary 
washed  lilter  (nota  Goocb  rrucible),compIetely  washed  with  dilute 
nitric  acid,  then  nnco  with  alcohol  in  order  to  remove  the  nitric 
acid,  and  dried  at  100°  CL  As  much  of  the  precipitate  as  possible 
is  transferred  to  a  Wftteh-glaBBjtta  filter  burned.and  its  Bflh  plared 
in  a  weighed  porcelain  crucible.  A  little  dilute  nitric  acid  is  addi  d 
(in  order  to  change  any  redueed  silver  tuto  the  nitráte),  the  liquid  is 
evaporated  on  the  watcr-batht  a  few  drops  of  water  and  a  drop  d 
pure  hydriodic  acid  are  added,  and  the  contents  of  the  crucible  are 
again  evaporated  to  dryness,  when  the  main  part  of  the  precipitate  is 
added,  heated  until  it  begins  to  fuse,  and  then  weighed.  The  masa 
in  the  crucible  is  then  covered  with  pure  dilute  sulphuric  acid,  a 
piereof  chemically  pure  zinc  is  added,  and  the  crucible  allowed  to 
stand  overnight.  After  this  time  the  silver  iodide  will  be  com- 
pletely  redueed  to  metallic  silver.  The  zinc  is  removed,  and  the 
residiie  washed  by  decanting  several  times  with  water  until  the 
iodine  reuction  can  no  longer  he  detected.  The  residue  is  then 
warmed  with  ililute  nitric  acid  upon  the  water-bath,  in  order  to 
dissulve  the  silver,  the  solution  is  filtered  through  a  srnall  filter; 
and  the  íatter  is  washed  with  water  and  dried.  This  filter  is  ig- 
níted  in  a  crucible  and  the  residue  (the  glass)  is  weighed.  This 
second  weight  deducted  from  the  former  gives  theamount  of  silver 
iodide  present. 

This  method  is  also  suitable  for  obtaining  lead  and  mercury 
from  organic  compoujids  in  a  form  which  can  be  precipitated  by 
hydrogen  sulphide. 

The  method  of  Cnriiis  is  by  far  tlie  best  for  the  determination  of 
halogens  in  organic  substances  when  only  one  of  tlie   halogens  is 
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present.     If  two  oř  three  of  them  are  present  at  the  samé  time, 
the  *'  lime  method  M  is  to  be  preferred. 

The  Lime  Method. 

Into  a  glass  tube  made  of  difficultly  fusible  glass  (about  40  cm. 
long,  1  cm.  wide  and  clused  at  one  end),  a  layer  of  linie  (free 
from  chloride)  from  5  to  6  cm,  long  is  introduced,  then  about  0.5 
gOEL  of  substance,  and  finally  5  cm.  more  of  lime.  The  substance  is 
then  mixed  thoroughly  with  the  lime  by  means  of  ■  OOpper  wire 
whoae  end  is  wound  into  a  spirál  The  tube  is  nearly  filled 
with  lime,  placed  on  its  side,  and  gently  tapped  so  that  a  small 
canal  is  formed  above  the  lime.  The  tube  is  then  placed  in  a  small 
eombustion  funiace  (ti.  rarlion)  and  heated.  First  ol  all  the  front 
end  of  the  tube,  free  from  substance,  is  heated  to  a  duli  redness, 
then  the  back  end,  and  afterwani  the  other  burners  are  lightcd  one 
after  another  until  finally  the  whole  tube  is  at  a  dull-red  heat ..  Af  Ur 
cooling,  the  contents  of  the  tube  are  transfeired  to  a  large  beaker 
and  the  lime  dissolved  in  dilutc  nitrie  acid  free  from  ehloi j 
The  carbon  ís  filtered  off,  and  the  halogen  přeci pitated  with  silver 
nitráte. 

If  the  lime  contains  calciurn  sulphate,  this  is  reducetl  to  sul- 
phide,sothat  some  silver  sulphide  is  likely  to  be  precipitated  with 
the  silver  halule.  In  this  čase  the  solution  is  treatcd  with  hydr«>- 
gen  peroxide  {free  from  halogen)  bcfore  eQOtlgb  nitrie  acid  has 
been  added  to  make  the  solution  acid,  the  liquid  is  boiled  to  re- 
move  the  excess  of  the  reagent,  then  acidified,  filtered,  and  precipi- 
tated with  silver  nitráte.  In  the  analysis  of  substanees  rich  in 
nitrogen,  it  is  possible  that  some  soluble  calciurn  cyanide  will  be 
formed.  In  this  čase  care  must  be  taken  that  the  silver  precipi- 
tate  contains  no  silver  cyanide  (cf.  separation  <>f  cyanogen  from 
chlorine,  brornine,  and  iodine,  p.  261). 

HYDRORROIÍIC  ACID,  HBr.     Mol  Wt,  80.97. 

Form;  Silver  Bromide,  AgBr. 

Hydrobromic  acid  is  determined  exactly  the  samé  as  hydro- 
chloric  acid.  This  is  also  trne  of  the  determination  of  free  bro- 
mine,  and  bromine  in  non-electrolytes. 
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HYDRIODIC  ACID,  HL     Mol.  Wt.  127.86. 

Forms;   Silver  Iodide,  Agl,  and  Palladous 
Iodide,  Pdl2. 

(a)  Detcrmination  as  Silver  Iodide. 

The  determination  of  hydriodic  acid  is  carried  out  in  exactly 
the  samé  way  as  the  anály  sis  of  hydrochloric  acid.  If  it  is  de- 
sired  to  likér  the  silver  iodide  through  an  ordinary  washed  filter 
instead  of  through  a  Gooeh  cruciblc,  the  proceduře  dcseribed  on 
p.  250  is  ušed,  converting  the  reduced  metal  to  iodide  by  dissolv- 
ing  in  nitric  acid  and  adding  hydriodk  arfd.  In  čase  there  is  no 
hydriodic  acid  at  uur  disposal,  the  niain  portion  of  the  precipitate 
is  placet!  in  a  weighed  parcelám  enicible  and  heated  until  it  begins 
to  melt  and  then  weighed.  The  filter  ash  is  placed  in  another 
crucible,  and  treated  with  nitric  and  hydrochloric  acids,  whereby 
the  silver  and  anv  im reduced  iodide  are  changed  to  silver  chloride. 
Tho  silver  chloride  ifl  weighed  and  the  equivaleTit  ainount  <>f  silver 
iodide  is  added  tu  the  weight  of  the  niain  part  of  the  precipitate. 

Example ■..— Suppose  a  grams  substance  gave  p  grams  silver 
iodide  and  p'  grams  silver  chloride,  then 

AgCl:AgI  =  p':x, 


*~Ag<1  ;/ 


Agl 


We  háve,  thereforej  in  a  grams  substance  P+T^i^'  grams  silver 

iodide,  and  the  amount  of  iodine  present  may  be  calculated  in  the 
usual  mauner. 

(b)  Determination  as  Palladous  lodide. 

This  important  method  for  both  tlie  determination  of  bromine 
and  iodine  is  earried  out  as  followTs: 

The  solution  ifl  acidified  with  hydrochloric  acid,  and  palladous 
chloride  BolutiOB  i>  added  until  no  more  precipitate  fa  foirned. 
After  standing  one  or  two  days  in  a  wann  pláce,  the  brownish- 
black  precipitate  of  palladous  iodide  is  filtered  through  a  Gooch 
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crucible,  oř  ihrough  a  tared  filter  that  has  been  dried  at  100°  C, 
washed  with  warm  water,  dried  at  100°  C.t  and  weighed  as  Pdl2. 

ording  to  Rose,  the  Pdl,  may  be  clmn^ed  to  palladium  by 
igniting  in  a  current  of  hydrogen,  and  from  the  weight  OÍ  the  palla- 
dium the  amount  of  iodine  calculated. 

SEPARATIOH  OF  THE  HALOGEIÍS  FROBI  ONE  AHOTHER. 

i.  Separation  of  Iodine  from  Chlorine. 

(a)  The  Palladous  lodide  Mfíhod. 

The  iodine  is  determined  as  above  as  palladous  iodide,  and  in  a 
second  sample  the  sum  of  the  chlorine  and  iodine  is  deteraiined 
from  the  weight  of  their  insoluble  silver  salta. 

(6)  Afethod  of  Gooch. 

This  metbod  dependa  upon  the  fact  that  in  a  dilute  solution  of 
the  three  halogens,  nitrous  acid  sets  free  iodine  alone: 

i  KI + 2KNO.+  IBfiOt  -  4KHS04+  2NO+  2H,0+ I2, 

which  escapes  from  the  solution  on  Ixnling.  In  one  sample,  there- 
fóre,  the  halogens  are  precipitated  bogefebev  in  the  form  of  their 
silver  Bilte,  in  I  second  sample  the  amount  of  the  chlorine  is  deter- 
mined after  setting  free  the  indine  by  means  of  nitmus  acid,  and 
the  amount  of  iodine  determined  by  differenee.  In  order  to  obtain 
correct  results  by  this  niethod,  the  solution  must  be  very  dilute 
when  it  is  boiled  to  expel  the  iodine;  otherwise  some  chlorine 
escapes. 

I'r'nn-thfre.—  The  mixture  of  the  halogen  salts  (about  0.5  gm. 
of  the  substance  should  be  dissolved  in  600-700  c..c.  water  in  a 
liter  flask)  is  treated  with  2-3  c.c,  of  dilute  sulphuric  acid, 
0.5-1  gm.  of  solid  potassium  nit  rite  (free  from  halogen)  is  added, 
and  the  solní  um  is  boiled  until  entirely  eolorless;  in  most  cases  fchk 
is  aocomplished  in  about  three-quarters  <>f  an  hour.  The  contents 
of  the  flask  are  now  treated  with  silver  nitráte  BohltioD,  and  the 
resulting  precipitate  is  allowed  to  set  tle.  It  is  filtered  through  a 
Gooch  crucible.  and  weighed. 
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(c)   Mithod  úf  Jtinruisch* 

Jannasch  proeeeds  in  exaetly  the  samé  way  as  Gooch,  but  in- 
stead  of  letting  the  iodine  esoapej  be  collecta  in  it  a  mizture  of 
caustíe  Bodá  and  hydrogen  peroxide,  whereby  H  is  transfnrmed  to 
BOdium  iodide  and  is  subsequently  determined  as  silver  iodide. 
In  thfl  oiIht  BOlutáOD  the  chloritu1  is  determined  in  the  usual  way, 

Proceduře.— The  solution  eoiitaining  the  two  halogeofl  is  plaeed 
in  a  l£-liter  round-bottotned  flask  and  diluted  to  a  volume  of  600-700 
c.c.  Like  a  wash-bottle,  this  flask  is  provided  with  one  glass  tube 
reaching  to  the  bottoCUj  through  which  vapor  can  be  conduct^d 
into  the  flask,  and  with  another  shorter  tube  fot  1he  escape  of  gas. 
This  íseeorid  tube  ifl  OQOneoted  with  an  Erlenmeyer  flask  for  a  re- 
ceiver,  and  thifl  is  in  tum  comieeted  with  a  Péligot  tube.  About 
50  c.c.  of  pure  5  per  cent.  caustic  soda  solution  are  plaeed  in  the 
Erlenmeyer  flask,  an  equal  volume  r>f  hydrogen  peroxide  free  from 
rhlorineis  added.and  the  mixture  eooled  by  surmunding  the  flask 
with  ice  orsnow.     The  Péligot  tube  is  likewi.se  filled  with  a  suitable 

amount  of  oaustíc  soda  má  hydrogen  peroxide,    irom  6-10  cc. 

of  dilute  sulphuric  acid  (1;5)  and  10  c.e.  of  10  per  reni.  BodhlIQ 
nitrite  solution  are  now  added  to  the  solution  contaming  the  halo- 
gens,  the  flask  ifl  immcdiately  dosed,  and  the  contents  of  the  flask 
are  heated  over  a  free  fíainc  while  water  vapor  is  at  the  snme  time 
conducted  into  it.  As  soon  as  the  liquid  begins  to  boil,  the  space 
above  is  filled  with  mlet  vapors  of  iodine,  which  are  gradually 
driven  over  into  the  Erlenmeyer  flask,  where,  with  evolution  of 
oxygen,  they  are  completely  absorbed  by  the  hydrogen  peroxide 
solution.  The  iodine  is  changed  into  sodium  iodide  and  sodium 
hypoiodite  by  nieans  of  the  dilute  alkali: 

214-  2NaOH  =  Nal+  NaOI+  HaO. 

The  sodium  hypoiodite,  however,  is  reduced  by  the  hydrogen 
peroxide  to  sodium  iodide: 

XaOI  +  HA  -  H30  +  O, + NaL 

When  all  the  iodine  is  driven  over  into  the  receiver  (which  Ls 
always  thfl  <':^1  afteř  the  solution  in  the  flask  hafl  become  colorleSB 

*  Zeifc.  fúr  anorg.  Chem.  I,  p.  144,  and  Prakt.  Leit  der  Gewichte-analyse, 
P.  182  4  «$ 
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and  has  been  boiled  for  twenty  minutes  longer),  the  delivery-tube 
hrTuotn  the  distillíng-flask  and  the  Erlenmeyer  flask  is  removed, 
the  liquid  within  it  i.s  wašhed  with  hot  water  into  the  Erlenmeyer 
and  the  eurrent  of  steam  is  stopped,  The  contents  of  the  Péligot 
tube  are  added  to  the  Erlenmeyer  flask  and  the  solution  heated  to 
boiling  in  order  to  remove  the  exeess  of  hydrogen  peroxide.  After 
COOlÍBgj  the  liquid  is  acidified  with  a  little  sulphuric  acid .;  this  ahvays 
eauses  a  yellow  toluration  due  to  free  iodine  *  The  solution,  there- 
fóre,  is  treated  with  a  few  drops  of  sulphurous  acid,  whereby  it  is 
COmpU-tely  deenlorized.  An  eX06M  of  silver  nitráte  and  a  little 
nit nr  arid  are  then  added,  the  liquid  is  boiled,  and  the  silver 
iodide  filtered  through  a  Gooch  erucible  and  weighed. 

For  the  ehlorine  detennmation,  the  nmtents  of  the  distiliing- 
flask  are  transferred  to  a  beaker  and  the  ehlorine  determined  as 
silver  chloride. 

Rrmark, — This  method  has  been  earefully  tested  in  the  aut  hor  \s 
laboratory  by  O.  Branner,  and  in  the  above  form  has  been  fomul 
to  give  verv  exaet  reeulta, 

Jannaseh  recommends  a  slightly  different  proceduře.  He 
adds  silver  nitráte  directly  to  the  alkaline  solution  in  the  Erlen- 
meyer flask.  In  this  way  aecurate  results  are  obtained  providcd 
there  is  n<>  iodate  formed  by  the  absorptkm  of  the  iodine.  In 
the  latter  rase,  due  to  iiisuílieient  OOOling  of  the  contents  of  the 
reeeiver.  the  addítion  of  silver  nitráte  results  in  the  forma tion  of 
some  silver  iodate,  and  this  amount  of  iodine  eseapes  determination, 
for  silver  iodate  is  soluble  (thougfa  diffieultly  po).  In  such  cases 
the  resoha  obtained  are  too  low.  If  the  solution  is  acidified,  hmv- 
ever,  the  presence  of  the  fod&tti  fa  shnun  by  the  separation  of  a 
little  iodine,  and  this  can  ljc  changed  by  sulphurous  acid  tu  iodide, 
and  aecurate  results  will  be  obtained. 


*  If  tlie  ftbovi  direetions  are  dosely  folio  wed,  there  should  not  \*e  trnu  h 
separation  of  iodine.  It  may  be  eaused  by  the  presence  of  i  sinali  ftmoUDt 
of  nitrous  acid  whirh  is  not  oxidized  to  nitno  arid  by  hydrogen  pvm\i<!t>  nr 
if  thedODtB&tftOi  the  KrlemneviT  flask  are  not  kept  oool,  apprenablp  umounts 
of  sodium  iodate  (N&jXOj)  are  formed,  and  the  latter  [0  not  redueed  by  hydfO- 
(ren  peroxide.     In  this  oase  there  is  a  separation  of  a  consider;é->  t   of 

iodine  011  arídifying  the  sóly  lion,  Lut  the  addition  of  eulphiiroitó  acid  rhanges 
ilto  iodide  without  loss. 
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Determination   of  the  Halogens  by  Indirect   Analysis. 
(a)  Determiruition  of  BrtmilU  foycthcr  tritii  Chloritu*. 

Principu* — Id  this  method  the  sum  of  the  weights  of  the  ailvef 

salts  of  the  two  halogens  is  first  determincd  and  afterwurds  the 
silver  bromide  converted  to  silver  chloride  by  heating  in  a  currenl 
of  chlorine. 

Proceduře,— The  sol ut inu  mntaining  about  0.5  gm.  of  the 
halogen  salt  is  ftddified  with  a  liltle  oitric  aeid  {free  from  chlorine) 
and  prccipitated  in  the  cold  by  the  additinn  of  a  slight  excess  of 
silver  nitráte.  The  liquid  is  heated  to  boiling,  with  frequent  stir- 
ring,  and  after  coolíng  again,  the  precipitate  ta  Gltered  through 
a  15  cm,  long,  asbestos  nlter-tube  matle  of  difficultly  fusiblc  glaBB. 
The  precipitate  is  dried  at  150°  C.  and  weighed  after  coolíng. 

For  the  transforniation  of  the  bromide  into  chloride,  the  aébtth 
tos  is  shoved  forward  a  lit  tle  in  the  tube  by  means  of  a  glass  rud 
(in  order  that  the  gas  mav  pass  through  it  more  readily),  the  tube 
is  fastened  i  11  a  slightly  inclined  pnsition,  and  a  current  of  dry 
chlorine  gas  is  passed  through  it.  At  the  samé  time  the  tube  is 
heated  cautiously  by  moving  a  snmll  fláme  back  and  forth.  During 
the  first  half  hour  the  precipitate  should  not  be  heated  hot 
enough  to  melt  it;  finally,  however,  the  temperature  is  raised 
until  it  higins  to  melt,  after  which  the  chlorine  is  replaced  by  air, 
and  after  coolíng  the  residue  is  again  weighed. 

If  /'  nts   the  rnnibined  weight  of  the  two  silver  salts, 

and  q  the  weight  after  the  silver  has  been  completely  changed 
to  chloride,  then 

AgCl       AgBr 

L  X  ,+     f     mm p 

2.  x    +  my   -  q  (AgCl) 

and  from  this  it  follows: 


3.  V- 


1 


1  -m 


Cp-7)- 


Tn  this  equation  m--r^-» 0.763 11. 
1  AgBr 

If  this  value  is  substituted  in  equation  (3)t  we  obtain 
(AgBr)  p-4.2213(p-9) 
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and 

(AgQ)  z  =  p~y 

from  which  the  amount  of  bromine  and  chloríne  may  be  calculated. 

(b)  Determinuíion  of  loďuu  totjvther  unth  Chloríne, 

The  samé  proceduře  is  ušed  as  above  described 
li  p  represents  the  weight  of  silver  i< .Klide  +  silver  chloride  and 
q  the  weight  after  the  silver  has  been  converted  to  chloride,  then 

AgCl      Agl 

1.  x +    y  =  p 

2.  x  +  my  -  tf  (AgCl) 


and  from  thia  it  foliows: 
3,  y- 


1 


m= 


l-m 

Aga 

Agl 


=0.61070. 


and 


If  this  value  is  substituted  in  equation  (3),  we  obtain 
(Agl)     y=2,56S7(p-g) 

(AgQ)  x=p-y. 


(c)  Determination  of  Bromine  in  the  Presence  of  lodine. 

In  this  caae  p  represents  the  weight  of  the  silver  bromide  and 
silver  iodide,  and  q  aa  before  the  correspondíng  weight  of  silver 
chloride; 

Agl    AgBr 
L    x  +    y  -  p 
2.  rox  +  ny  =   g(AgQ) 


and 


in  which 


«  n  1 

3.  x= p o, 


m-^-0,61070    and    n-^ -0,76311. 

Agl  AgBr 
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If  these  values  for  m  and  n  are  substituted  in  equation  (3), 
we  obtain 

(Agl)  x  =  5.0070- p- 6.5614 -g 
and 

(AgBr)  y  =  p~x. 

(d)  Determination  of  íodinc,  Bromine,  and  Cklorine  in  the  Presence 

of  One  Another. 

In  one  portion  of  the  substance  the  total  weight  (P)  of  the 
halogen  salta  is  determinedTand  tím  ia  rhanged  mvr  into  chloride 
whose  weight  (Q)  is  obtained.  In  a  aeoond  portion  of  the  substance, 
the  iodine  is  determined  as  palladous  iodide,  wfaoee  WBJgtlt  is  (0- 

If  (t)  is  inultiplied  by  1.306,  the  o* jrrcsponding  weight  of  silver 
iodide  is  obtained  (p). 

If  (p)  is  subtraeted  from  (ř),  the  sum  of  the  weights  of  the 
silver  bromide  and  silver  chloride  is  obtained  (P  —  p). 

Again,  if  (í)  is  multiplied  b3*  0.7972,  the  cnrresponding  weight 
of  silver  chloride  is  obtained  (q)t  and  if  this  is  subtraeted  from  (Q)t 
the  amount  of  silver  chloride  (Q  —  q)  will  be  obtained  which  corre- 
sponds  to  the  amount  that  would  be  obtained  from  the  weight 
(F-/0. 

If,  then,  the  amount  of  silver  chloride  is  designated  by  x  and 
the  amount  of  silver  bromide  by  yf  we  háve: 

AgCI     ApRr 

1.  x  +     V  -  (P-p) 

2.  x  +  fflff-(Q-f) 
from  which  follows  from  p.  256,  (af: 


and 


3*  y=rhi[(p-p)-(Q-q)]> 

(AgBr)  y=422\^(P-p)-(Q-g)] 
(AgCl)  x={P-p)-y. 


Instead  of  determining  the  iodine  as  palladous  iodide  it  may 
be  removed  as  on  page  253,  bf  by  treatment  with  nitrons  acid 
and  the  weight  of  the  silver  bromide  +  silver  chloride  obtained. 
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Um   amount  of  chlorine,  brominr,   and   indinc   follows  from    the 
íihnvo  calculation. 

F«  the  determinatinn  of  bromine  and  iodine  volumetrically 
consult  Part  II,  Iodimetry. 

HYDROCYAKIC  ACID,  HCN.     Mol.  Wt.  27.05. 

Forma:  Silver  Cyanide,  AgCN,  and  Metallic 
Silver,  Ag. 

Free  hydrocyanic  acid  as  well  as  the  cyanides  of  the  alkalies 
and  alkaline  earths  are  decom posed  quantitatively  by  silver  nitráte 
with  the  formát  ion  of  insoluble  silver  cyaiiidc. 

If,  therefore,  it  is  desired  to  determinc  gravimetrically  the 
amount  of  cyanide  present  in  an  aqueous  solution  of  hydrorvanir 
acid  or  of  an  alkaline  cyanide,  the  cold  solution  m  treatcd  with  an 

m  of  silver  nitráte,  stirred,  a  lit  tle  dilute  nitric  acid  is  added, 
the  precipitate  allowed  to  Settle  and  it  is  then  filtered  throu^li  a 
weighed  filter,  dried  at  100°  C.  and  weighed.  To  confinn  the 
result,  the  silver  cyanide  is  plaeed  in  a  porcelain  cmcible,  the  řilter 
burned  in  a  platinurn  spirál,  its  ash  added  to  the  main  portion 
of  the  preeipitate,  and  the  contents  of  the  crucible  ignited,  at 
first  gently  and  řinally  until  the  silver  begins  to  melt;  it  is  then 
weighed. 

By  the  decomposition  of  the  silver  cyanide,  diflicultly  vola  tile 
paracyanide  is  formed,  but  this  is  gradually  burned  away  by 
igniting  the  contents  of  the  open  emcible. 

Eiample :  Detcrmination  0}  Hydrocyanic  acid  in  Bitter-almond 
Waler. — Bitter-almond  water  eontains  cyaoogen  as  free  hydrocyanic 
acid  and  as  ammonium  cyanide,  but  the  greater  part  is*present  as 
mandelic  acid  nitrile,  C4H$CH(OH)CN.  The  latter  compound  is  not 
decomposed  in  aqueous  solution  by  means  of  silver  nitráte,  but  is 
readily  acted  upon  by  the  latter  if  the  solution  is  rnade  ammoniacal 
after  the  addition  of  the  silver  nitráte  and  then  made  acid. 

The  gravirnetric  determination  of  the  cyanogen  present  is  per- 
formed  accordtng  to  the  method  of  Feldhaus  *  as  follov 

100  gma,  of  bitter-almond  water  are  treated  with  10  c.c.  of  a  10 
t>zr  cent.  silver  nitráte  solution,  2-3  c.c.  of  concentrated  ammonia 

♦  Zeit.  fúr  »naL  Chem.  III  (1861).  p  34 
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are  added,  tfoe  solution  is  immediately  aeidified  WÍth  nitric  acidř 
the  precipitate  allowed  to  settle,  and  the  HCN  determined  as 
deacribed  above. 

Liebíg's  volumetric  method  is  much  more  satisfactory  for  this 
determinatkm  (see  Part  II,  Preripitation  Analyses). 

1£  it  is  desired  to  detcrmitie  the  amonní  oí  cyanogen  in  a  solid 
alkali  cyanide,  a  weighed  amount  of  the  Balt  is  dissolved  in  water 
fontaining  silver  nitráte,  and  the  solution  then  aeidified  with 
nitric  acid  and  the  precipitate  treated  as  above. 

If  the  cyanide  is  dissolved  in  water  before  the  addition  of  the 
silver  nitráte,  there  is  ahvays  a  slight  loss  of  hydroeyanic  acid. 

Some  coraiplex  cvanides  are  quantitatively  decomposed  by 
silver  nitráte,  e.g.  those  of  niekel,  zinc,  and  copper  (the  latter 
oidy  slowly);  while  others  such  as  the  ferro-  and  ferricyanides  of 
the  alkalies  (and  niercuric  cyanide)  are  not. 

Determination  of  Cyanogen  in  Mercuric  Cyanide,  Method  of  Hoše, 

Mercuric  cyanide  is  a  non-electrolyte  and  is  consequently  not 
precipitated  by  silver  nitráte,  but  it  is  acted  upon  by  hydrogen 
sulphide  \vith  the  formation  of  insoluble  mercuric  sulphide  and 
hydroeyanic  acid: 

HgCCN^+HaS-HgS+žHCN, 

This  reaction,  however,  cannot  také  pláce  in  neutral  or  acid 
solutions  on  account  of  the  volatility  of  the  hydroeyanic  acid;  it 
must  be  performed  in  an  alkaline  solution.  In  order  to  avoid 
the  introduction  of  an  excess  of  hydrogen  sulphide  into  the  solu- 
tion, the  following  proceduře  is  necessary: 

The  solution  of  the  mercuric  cyanide  is  treated  with  about 
twice  as  much  zinc  sulphate  dissolved  in  atnmonia.  If  this  shoukl 
cause  a  turbidity,  enough  ammonia  is  added  to  clear  it  up  and 
hydrogen  sulphide  water  is  then  slowly  poured  in.  This  causes  at 
first  a  brown  precipitate  whiefa  becomes  black  on  Btirring.  The 
hydrogen  sulphide  water  is  added  until  the  upper  liquid  lhowt 
a  pure  white  precipitate  of  zínc  sulphide.  The  ssinc  sulphate, 
therefore,  serveš,  as  it  were,  as  an  indicator,  inasmuch  as  the 
pure  white  precipitate  will  not  be  formed  until  the  mercury  is 
completely    precipitated.    The    precipitated    sulphides    are    now 
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filtered  off  and  washed  with  dilutfi  anmionia.     The  filtráte  Q0&* 
tains  j « 1 1  ol  the  hydroeyanie  acid   and  is  trcated  with  SB  oř 

silver  oitr&te,  acidified  with  nitric  acid  filtered  and  the  weight  of 

the  silver  eyanide  detennined  as  described  od  page  260. 

Determination  of  Hydrocyanic  Acid  and  Halogen  Hydride  in  the 
Presence  of  One  Another,  according  to  Neubauer  and 
Kemer.* 

The  solution  is  tre&ted  with  silver  nitrát*1  in  the  oold,  the 
precipitate  filtered,  dried  at  100°  C.  and  in  this  way  thr  tutal 
weight  of  the  silver  salts  is  determined.  A  dcfiníte  amonní  <>f 
the  precipitate  is  placed  in  a  purcelain  erueible,  buted  untfl  it 
is  complctely  melted,  and  then  reduced  with  aine  and  Sulphurto 
acid  as  deseribed  on  page  250.  The  metali ie  silver  and  para- 
cyanogen  are  filtered  orT  a  ni  l  the  halogen  determincd  in  the  fil- 
tráte according  to  pagc  253  et  seq. 

The  abuvr  si  ipe  nit  ion  can  be  more  satisfact<»rily  effected  by 
means  of  a  volumetric  process  (See  Přeci  pi ta tion  Analyses). 

SULPHOCYANIC  ACID,  HCXS      Mul.  Wt,  59 JI. 

There  is  no  direct  gravimctrie  method  for  the  determinationr 
of  sulphocyanic  acid.  The  carbon  and  sulphur  are  detemiined 
by  eSementary  analysis  (which  see)  and  the  sulphur  is  oxidizcd  to 
sulphuric  acid  by  means  <>f  nitric  acid  and  weighed  as  barium 
gulphate.  It  will  not  do  at  all,  however,  to  treat  a  solid  alka  li 
sulphocyanate  with  strong  nitric  acid  in  an  open  vessel,  for  on 
account  of  the  violent  ac-tinti  sumě  of  the  hydroeyioil!  acid  is  vol- 
atilized  and  escapes  oxidation.  It  is  bettert  as  E.  Heberlein  found 
in  the  authoťa  labonitory,  to  dissolve  the  alkali  sulphocyanatc 
in  watcr  (Hebcrlein  ušed  20  cc.  of  a  one-tenth  normál  pot&aauin 
cvanide  snlution)  and  add  10  c.r.  of  fuming  nitric  acid,  keeping 
the  beaker  surrnunded  with  iee.  The  solution  is  at  first  eofored 
yellow,  then  deep  redt  reddish  brown,  and  hnally  In  "lurlos. 

The  sulphur  is  then  by  no  meanst  entirely  nxidized  to  sulphuric 
acid;  to  accomplish  this  the  solution  nmst  be  kept  boiling  gently 
for  two  hours.  It  is  then  cvaporatcd  uhnust  t<i  drynoss.  tAen 
up  in  200  cx.  of  water,  precipitated  hot  with  barium  chloride 
*  Atiri.  ú.  Chein.  u.  Phann.  (1857),  101.  p.  344. 
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solution  and  the  barium  sulphate  filtered  off  and  weighed.  Ileber- 
lein  iuiind  99.79—99.94  per  cent,  úl  the  potassium  sulphocyanate 
takcn.  The  oxidation  is  more  certain,  if  tfae  solution  óf  the  alkali 
sulphocyanate  is  plaeed  in  a  flask  connectcd  with  a  return-flow 
oondenseTj  treated  with  an  exeess  of  fuming  nitric  acid,  boiled 
two  ho-urs  and  then  treated  as  above,  In  this  way  Hebcrlein 
found  I(X).l  and  1G0.2  per  cent.  of  the  theoretical  amount  of  sul- 

cyanic  acid.  Um  oaddat&oq  of  fche  Bulphocyaitifi  acid  is  stul 
better  eíTected  by  finrt  precipitating  the  acid  in  the  form  of  its 
silver  salt*  and  filtcring  it  off  (it  is  only  DftCfflftary  ba  wash  the 
precipitate  when  a  sulphate  is  also  presenť),  The  funnel  rontain- 
ing  the  prceipitate  is  then  plaeed  OVCI  B  sinali  flask,  the  apex  of 
the  filter  is  broken  with  a  glass  nul  and  the  precipitate  washed 
tuto  the  flask  by  means  of  a  strcam  of  nitric  acid  (sp.  gr.  1.37-1.40). 
In  this  way  there  is  no  violent  reaction  and  no  loss  of  sulphocyamc 
acid  to  be  feared.  The  contents  of  the  flask  are  heated  to  boil- 
inří  for  three-quarters  of  an  honr.  If  at  the  end  of  this  time,  red 
V&pOTB  are  stí  11  evolvcd  froni  the  flask  (usnally  due  to  sinali  par- 
ticles  of  filter  papcr)  it  inakes  no  difTerence;  the  oxidation  of  the 
Bulphocyanic  acid  is  sure  to  háve  beeu  eomplete.  The  contents  of 
the  flask  are  evaporated  to  a  small  volume  in  order  to  remove  the 
excess  of  nitric  acid,  taken  Up  with  water  and  the  silver  přecipítated 
:i>  chloride  and  filtered  off.  The  sulphtiric  acid  is  precipitated  in 
tlu-  filtráte  as  barium  sulphate  and  the  latter  is  weighed.f 

Broininc  water  will  likewise  convert  sulphoeyanic  acid  to  sul- 
phuric  acid  readily  and  quantitatively. 

Hydroges  peroxide  m  ammorriaeal  solution  also  oxidizes  sul- 
phoeyanic acid  completely  to  sulphuric  acid  but  the  oxidation 
requiree  more  linie  than  in  the  caaeof  nitric  acid.  By  this  niethod, 
aooording  to  HebeHeín,  the  alkali  sulphocyanate  is  treated  with  a 
large  exeess  oi  S  to  4  per  cent.  hydro^cn  peroxide  (for  20  c.c,  of 
O&e-tenth  normál  sulphocyanate  solution,  120  c.c,  of  lmlrogen  per- 
oxide are  ušed),  the  solution  rnade  íinimoniaeal,  allowed  to  stand 
iwnity-four  hours  at  the  or< lina ry  temperaturc,  then  heated   fcwo 


*  W.  TWrliers,  Kepertorium  der  armL  ChanÚS*  1KS1,  p.  130. 

ffiorchert  preoipitatca  the  mlphiaic  acid  wHhout  nmavmg  the  silver 
by  Eneam  of  baitam  nitráte.    The  procedím*  givcn  hen.-  is  lietter. 
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hmirs  -m  the  water-bath,  mul  finally  boiled.  Aíter  aridiíying  with 
hydrochkttic  §tíd  the  eulphuric  acid  is  prccipitatcd  with  barium 
chloride  aad  the  barium  sulphate  formed  is  weighed, 

The  1  •xidatioii  is  effectcd  ra  more  slowly  by  potassiura  per- 

carbon&te. 

Determination  of  Sulphocyanic  and  Hydrocyanic  Acids  in  the 
Presence  of  One  Another(Borchers).* 

Xhfl  au  umní,  of  silver  nitráte  necessary  to  precipitate  both  of 
the  acids  isdetermined  voknnetrically  in  onesampleof  the  substance 
(ser  freeipitaťmn  Analvsis)  and  in  a  seeond  portion  the  weight  of 
the  barium  sulphate  fonned  after  the  nxidatioti  of  the  sulpho- 
eyauic  ackl  is  detenniued.  From  the  latter  weight  the  aniount 
of  sulphocyanic  acid  prescnt  ran  be  coniputed  and  also  the  aniount 
of  silver  nitráte  that  would  be  required  fa  precipitate  it,  If  this 
amonní  is  subtracted  fnnn  the  aniount  of  silver  nitráte  re<|uiml 
t<>  precipitate  both  of  the  acids,  the  aniount  of  silver  nitráte 
equivalent  to  the  hydrocyanic  acid  procent  is  obtaíned. 

Determination    of    Sulphocyanic    Acid    together    with   Halogen 
Hydrides  (Volhard). 

In  oné  portice  the  amount  ol  sulphocyanic  acid  prescnt  is  deter- 
mined  as  barium  sulphate  after  oxidation  with   nitric  acid.     A 

tid  portiofl  is  haated  in  a  elosed  tube  with  roncentrated  nitric 
acid  and  silver  nitráte  (Oarius  Method,  page  247)  after  which  the 
halogen  silver  salts  are*  filtered  off,  weighed,  and  subso^uently 
rhaiiged  to  silve chloride  as  doseribed  <>n  pag£  256,      A  third  pnr- 

tion  is  fusemi  with  Bodiu&i  earbonate  and  potaonum  citráte  and  the 

iodiuedetonumcd  fn>m  the  melt  as  palladous  iodide  (see  page  25S). 

HYDROFERROCYAMC  ACID,  H,F. ■(('N)a,     Mol  Wt.  216.28. 
Form:  Silver  Cyanide,  AgCIÍ. 

The  most  aecurate  proceduře  for  the  analysia  of  cyanides  is 

to  determine  the  carbon  and  nitrogen  by  eleiuentary  analvsis 
(which  see), 

♦  Loc,  cit. 
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Determination  as  Silver  Cyanide  (Rose-Finkener). 

This  method  depends  upon  the  fact  that  all  salts  of  hydroferrn- 
cyanic  aeid  on  being  heated  with  yellmv  mereurie  oxide  give  up 
thfir  cvanoiren  to  the  nim nn  \  forming  soluble  mereurie  cyanide, 
while  the  iron  is  changed  to  insoluble  ferric  hydroxide.  Thus 
Prussiim  blue  is  decomposed  as  follows: 

Fe/"[  Fe"(CN)  Í+ 9HgO+ 9Ha0= 

=  9Hg(CN),+4Fe(OH)I+3Fe(OH)a. 

A  weighed  amount  of  the  substance  is  treated  with  an  excess 
of  mercuric  oxide  and  the  liquid  is  boiled  until  the  bhte  eolor  has 
complete.lv  disappeared,  when  the  precipitate  is  řiltered  oři. 

On  nltering  off  the  insoluble  oxid  es  T  at  first  a  clear  filtráte  is 
obtained,  but  on  washing  sorne  of  the  precipitate  usuallv  paODOO 
through  the  niter.  By  washing  with  a  solution  containing  a  dis- 
solved  salt,  prcferably  mercuric  nitráte,  it  \&,  possible  to  obtam,  how- 
ever,  a  clear  filtráte.  Even  then  the  nperatioo  is  tedious,  so  that 
the  attempt  has  been  made  to  avoid  the  washing  of  the  precipitate 
by  diluting  the  liquid  containing  the  precipitate  suspended  in  it 
to  a  den" i nte  volume,  filtering  through  a  drv  íilter,  measuring  ofT 
a  definita  volume  of  the  filtráte,  and  suhsequently  determining 
the  cyanogen  as  silver  cyanide  after  first  precipitatinií  »>ut  thi 
mercury  as  sulphide  (see  p.  260),  The  aniount  of  cyanide  found 
is  then  calculated  over  into  the  ainount  that  would  háve  been 
obtained  in  čase  the  whole  of  the  solution  had  beeil  WS&A  for  the 
analvsis.  In  this  way  an  error  is  introducrd  whieh  in  some 
I  ta  mnsidrrablc.  Let  us  assume  that  the  lYussian  bhie  was 
decom  posed  in  a  100-c.c.  flask  and  after  the  decom  pnsitiofi  was 
m uplete,  the  liquid  was  diluted  up  to  the  umrlí ;  and  that  in 
60  cc.  of  the  filtráte  p  gms,  of  cyanide  wcre  found. 

Tbe  amount  of  cyanide  in  the  portioD  veighed  ou1  is  not  2  pgms., 
for  the  volume  of  the  liquid  before  filtering  was  not  100  c.c,  but 
L03— v  c.e,,  where  v  is  the  volume  of  the  Boapended  oxides. 
This  volume  r  ean  be  datermined  oiiiy  approximately,  so  that  the 
n  deternúnation  by  thi>  method  will  nevěr  be  abso- 
lutely  crrtain,  In  order  to  obtftín  exact  results,  the  first-men- 
tioned  proceduře  shoutd  be  followed;  or,  better  still,  the  amount 
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of   carbon   and   nitrogen   should    be   determined   by   elementary 
analysis. 

Soluble  ferrocyanides  may  be  satisfactorily  determined  by 
titration  with  potassiurn  permanganate  (cf.  Part  II,  Oxidation 
and  R?duetion  Methods).  For  the  determination  of  the  iron 
and  other  metals.  the  Babitence  is  heated  with  coneentrated  sul- 
phuric  acid,  the  residue  after  evaporation  is  dissolved  in  water, 
and  the  solution  anály zed  as  usual. 

HYDROFERRICYANIC  ACID,  H3Fe(CN)fl.     Mol.  Wt,  215.27. 

The  ferricyanides  are  analyzed  in  the  samé  way  as  the  ferro- 
cyanides. 

HYPQCHLOROBS  ACID,  HCIO.     Mol.  Wt.  52.46. 

Hypochlorous  acid  is  always  determined  volumetrically  and 
will  be  discussed  in  Part  II  of  this  book,  under  ( Jxidation  Methods, 

GROUP  o, 

NITROUS,   HYDliOS!  LPIH/RIC,   ACETIC,   AND  CYANIC   AttUS. 

NITRO0S  ACID,  HNOa.     Mol.  Wt.  4705. 

Nitrous  acid  ifl  either  determined  volumetrically,  gasometric- 
ally,  or  colorimetneallv.  The  two  formcr  methods  will  be  dis- 
cussed in  Parts  II  and  III  of  the  book. 

Colorimetric  Determination,  of  Peter  Griess. 

This  method  serveš  only  for  the  determination  of  extremely 
s  uall  aniounts  of  nitrous  acid  (e,g.,  in  drinking-waters),  and 
drpends  upon  the  formation  of  intoi isively  colured  azo-dyes. 

Inasmuch  as  azo-compotmds  are  fnrnied  only  when  nitrous 
acid  is  present,  they  can  all  be  ušed  in  testing  for  this  acid,  but 
the  different  substances  do  not  prove  equally  sensitive  as  reagents. 
Thus  in  the  production  of  tri  nrnido  nwú  brnirmn  (Bismarck  brown) 
not  leB8  than  Tf^  mgm.  of  nitrous  acid  in  a  liter  can  be  detected, 
while  ftcaordjag  to  the  following  proceduře  j^jf  mgm.  in  a  liter 
can  be  deteoted  with  certaintv.  To  earry  mít  the  determination 
two  solutions  are  necessary,  one  of  sulphanilie  acid  and  one  of 
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a-naphthylamine.     Botfa  siilistunces  Are  dissolved  in  acetic  acid* 
and  prepared  aooording  fco  the  directíwM  of  Qosvay  t  as  follows: 

1.  0.5  gm.  of  sulphanilic  acid  is  díssolved  in  150  c.c.  of  dilute 
acetic  acid. 

2.  0.1  gin,  of  solid  a-naphttiylumine  is  boiled  with  20  e.r.  of 
water,  the  eolorless  solution  is  poured  off  from  the  bluish-violet 
residue,  and  150  c.c.  of  dilute  acetic  acid  ure  addetl. 

These  fewo  lolutionfl  are  now  mixed.j  It  is  not  nccessary  to 
protéct  the  reagent  from  the  action  of  light,  but  it  is  desirable  to 
keep  iinpure  air  away  from  it.  As  long  as  the  solutum  remains 
ColoríeBB  it  can  be  usech  If  it  eomes  in  contact  with  nitrous  acid, 
which  ifi  oftei)  prosen t  in  the  air,  the  reagent  hecorncs  rod,  aiul  in 
ti  lis  čase  it  must  be  decolorized  by  shaking  with  zinc-dust  before 
using. 

Kesides  the  abovc  reagent,  it  is  necessarv  tu  prepare  a  solution 
of  sodinm  nitrite  of  known  strength.  For  this  purpose  a  concen- 
trated  solution  of  coinmercial  potassium  nitrite  is  trcated  with 
silver  nitráte  solntion,  the  precipitated  silver  nitrite  is  filtered  off 
and  washed  a  few  times  with  co  Id  water,  In  order  to  ob  tam  abso- 
lutelv  pure  silver  nitrite  the  precipitate  is  dissolved  in  as  Hule  hot 
water as  possible and  quickly  coolerl.  The  mass  of  crystals  is  placei  1  in 
a  funnel  providcd  with  a  plat inum  cone,  and  af  ter  being  sucked  f ree 
from  mother-liquor,  it  is  washed  with  a  smáli  aniount  of  dJstíUed 
water.  The  silver  nitrite  is  placed  in  a  calcium  chloride  desiceutor 
and  allowcd  to  drv  in  the  dark.  As  smoii  as  it  has  become  dry 
(shown  by  itfl  having  assurne<l  a  constant  weight)  exactly  1 141 1 47  íttil 
of  it  is  welghed  out  into  a  liter  flask  and  dissolved  in  hot  distilled 
water,  About  0.2  tO  0.3  gm.  of  pure  sodium  chloride  is  added  (i.e.ř 
I  lit  tle  more  than  the  theoretical  amount)  in  order  to  convert  the 
silver  nitrite  into  silver  chloride  and  sodium  nitrite.  After  becom- 
ing  cold,  the  solution  is  diluted  to  exactly  one  liter  with  pure 
water.  then  thoroughly  shaken,  and  the  precipitate  allowed  to  set  tle. 
After  this,  100  c.c.  of  the  clear  Jiquid  are  pipetted  int  (.nd 


*  P.  Griess  ušed  dilute  sulphuric  acid  to  set  free  the  nitrous  acid.     Ilosvay 
awed  that  if  acetic  acid  were  ušed  the  reaction  was  much  uiore  sensitive, 
t  Rull.  chím.  [2)2,  p.  317. 
í  Lunpe.  Zeitschr.  í.  angew.  Chem.  1899,  Heft  23. 
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liter  flask  and  diluted  up  to  thc  niark  with  water  frče  from  nitrous 
acid.     1  c.c.  of  this  solution  contains  0.01  nigra,  N2Oa. 


Proceduře  for  the  DeterminQtion. 

50  c.c,  of  the  water  to  be  examineď  are  placed  in  a  cylinder, 
such  as  is  shown  on  p.  57,  treated  with  5  c.c.  of  the  reagent, 
and  the  contcnts  of  the  cylinder  mixed  with  the  aid  of  thc 
stirrer  shown  in  Fig.  24;  the  cylinder  is  placed  in  water  at 
about  70-80°  C.  If  as  much  as  j-faf  mgm.  of  nitrous  acid  is  pres- 
ent  in  a  liter  of  the  water  tested,  the  red  coloration  will  appear 
within  o&ti  minuté;  with  relatively  larger  amounts  {c.g.ř  as  much 
as  1  mgm.  per  liter)  the  solution  is  simply  colored  ycllow,  unless 
a  concentrated  solution  of  naphthylamine  is  ušed.  Meanwhile 
in  three  other  cylinder?  are  placed  respectively  0.1  c.c,  0.5  c.c,  and 
1  C.C.  of  the  solution  containing  a  known  amount  of  sodiuni  nit  rite; 
each  is  diluted  with  water  up  to  the  mark  and  treated  with  the 
reagent  in  the  samé  way.  As  soon  as  a  distinct  red  coloration  is 
apparent,  the  colora  are  compared  with  that  produced  by  the  water 
to  be  analyzed.  If  the  color  of  the  un known  water  lic*  botwoCfl 
two  of  thestandards — e.g.tbetween  that  produced  with  0.1  and  0.5 
c.c.  of  the  standard — then  three  more  standards  are  prepared  con- 
taining, say,  0.2,  0.3t  and  0.4  c.c.  of  the  known  solution.  When 
the  color  of  the  unknown  solution  is.matched,  then  the  water  con- 
tains the  samé  amount  of  nitrous  acid  as  the  standard. 

If  the  water  c  on  tains  congiderable  nitrous  acid  {e.g.t  over  0  3 
mgm.  per  liter),  then  the  red  coloration  will  be  so  dark  that  the 
coloritnctrie  determination  cannot  be  períormed  with  certainty. 
In  this  čase  a  dcfinitc  volume  of  the  water  is  diluted  with  distilled 
water  and  the  nitrous  acid  present  in  this  diluted  wat<t  m  dl  'ter- 
mined  as  before. 

Tromsdorff  recommends  for  the  determination  of  nitrous  acid 
in  drinking-water  the  use  of  zinc  iodide  of  starch,  and  comparing 
the  blue  color  produced  by  the  nitrous  acid  (cf.  Vol.  IT  p.  287).  If 
-^  mgm.of  nitrous  acid  is  present  in  a  liter,  the  blue  color  produced 
can  be  ďistinctly  seen;  with  ^  mgm.  per  liter,  hnwevcr,  the  color 
is  so  intense  that  it  is  unsuited  for  a  colorimetric  determination, 
This  method  is  not  to  be  recommended  because  in  the  firat  pláce 
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tt  ís  far  less  sensitive  than  the  Griess  method,  and  second  beeause 
:íi\  easily  lead  to  error  inasmuch  as  a  blue  color  will  be  often 
produced  when  there  is  no  nitrous  acid  present.  Traces  of  hydrogen 
peroxide  oř  ferric  salts,  which  are  likely  to  be  present  in  a  drinking- 
wnter,  will  also  cause  the  solution  of  zinc  iodide  of  starch  to  turn 
blue. 


HYDROSULPHURIC  ACIDt  H2S.     Mol.  Wt.  34,08. 

Forms:  Barium  Sulphate,  BaS04,  ,  Hydrogen  Sulphide,  H2St 
and  colorimetrically. 

There  are  four  eaaee  to  be  ooraidered: 

I.  The  determination  of  foee  hydrogen  sulphide. 
II.  The  determination  of  sulphur  in  sulphides  soluble  in  water. 

III.  The  determination  of  sulphur  in  sulphides  insoluble  íd 
water  but  decomposable  by  dilute  acids  with  evolution  of  hydro- 
gen  atilphide. 

IV.  The  determination  of  sulphur  in  insotuble  sulphides. 

L  Determination  of  Free  Hydrogen  Sulphide. 

(a)  Determinfitwn  oj  Hjfdrogm  Sulphvk  in  Gas  Mixtures. 

In  čase  it  ia  desired  to  know  the  per  cent.  of  hydrogen  sulphide 
present  in  a  mixture  of  gases,  the  analysis  is  best  niade  volumetri- 
cally  (sec  Part  IIt  Indimetry),  but  it  is  possible  to  accomplish  the 
samé  end  by  a  gravimelric  proce 

The  source  of  the  gas  is  conneeted  by  means  of  nibber  tubing 
with  the  ten-bulbabsorption-tubc  shnwn  in  Fig.  45,  page 278,*  which 
eontains  a  solution  of  ammoniacal  hydrogen  peroxide  free  from  sul- 
phuric  acid.  The  other  end  of  the  absorption-tube is  conneeted  witfa 
an  aspirator,  i .e.  a  large  bottle  of  about  4-5  liters  capacity  filled 
with  water  ani  Id*  m  h  I  by  means  of  a  double-bored  stopper.  Througfa 
one  hole  of  the  stopper  is  paa&ed  a  right-angled  glass  tube  whirh 
reaehes  just  below  the  bottODQ  of  the  stopper  in  the  bottle,  and  its 
other  end  is  conneeted  with  the  absorpťum-tube.  Through  the  other 
hi«le  in  the  stopper  is  placed  a  glass  tube  reaching  to  the  bottom 

•  r>mtllv  two  of  these  tubes  are  ušed  in  order  to  tnake  sure  that  none  of 
lbe  gas  escapes  absorption. 
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of  the  buttlr.  Tin-  upper  end  trf  this  tube  is  Hkewisi-  b  rit,  and  is 
connected  with  a  rubber  tube  to  serve  as  a  siphon ;  on  the  lower 
end  of  the  rubber  tube  is  a  screw-cock. 

Before  b ■giuning  the  experiment,  the  air  in  the  rubber  tubing 
between  the  source  of  gas  and  the  absorption-tube  is  removed 
by  conducting  the  gas  to  be  anály  zed  through  it.  When  this  is 
accomplished  the  tubing  is  connected  with  the  absorption-tube, 
Water  is  now  allowed  to  run  slowly  froni  the  aspirator  into  a 
vessel  gradnated  in  liters;  after  from  2-5  litera  of  the  water  háve 
Tím  out,  the  aspirator  is  dosed  by  Bcrcwing  up  the  cock  on  the 
siphon  arrn.  The  contents  of  the  absorption-tube  are  pourcd  into 
a  beaker,  slowly  heated  to  boiling,  and  kept  at  this  tem  pera  ture 
for  frotn  five  to  ten  niinutes.  The  solution  is  then  evaporaled  on 
the  water-bath  to  a  small  \  nhniov,  a  lit  tle  hydrochloric  acid  is 
added,  the  sólu tion  filtered  if  necessary,  and  the  sulphuric  acid  pře- 
cipitated  at  a  boiling  temperature  with  a  boiling  solution  of 
barium  chloride.  After  the  precipitate  has  settled,  it  is  filttred 
ofT,  ignited  wct  in  a  platinuni  crucible,  and  weighed  as  barium 
sulphate, 

Both  at  the  beginning  and  end  of  the  experiment  it  is  neeessary 
bo  OOte  the  temperature  of  the  rooni  and  the  barometer  reading. 
The  inean  of  these  readtngs  is  ušed  for  the  calculatiom  The 
amount  of  hydrogen  sulphide  present  in  the  gas  m  eomputed  aa 
folio  ws : 

The  volume  of  water  whieh  has  flowed  out  of  the  aspirator 
represents  the  volume  of  the  gas  that  has  been  sucked  througK 
lbe  apparatus  less  the  amount  absorbed  by  the  ammoniacal  hy- 
drogen peroxide  solution.  Let  V  represent  the  volume  of  water  in 
liters  which  has  flown  from  the  aspirator  and  p  the  weight  of 
barium  sulphate  found. 

Bince  006  gram  molceule  of  barium  sulphate  corTesponds  to 
one  gram  molecule  of  hydrogen  sulphide  and  the  latter  assumes  at 
0°C.  and  760  mm.  pressure  n  volume  of  22.391  liters,  we  háve. 

BaSO,:  22.391:?:^  ; 

2°  391  •  v 
Ft—  -yj  ,lA— =the  volume  of  the  hvdrogen sulphide  absorbed. 
1       Ba^U4 

Now  the  volume  (V)  of  the  gas  that  passed  through  the  apparatus 

was  at  t°  and  B  mm.  pressure,  while  Y%  is  measured  at  0°  C.  and 
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760  mm.  prcssurc.     It  is  necessary,  thcrefore,  to  reduce  V  to  0°C 
and  760  mm.  pressurc. 

=  Tr-(B-w)273 

'•       760(273+í)  ' 
The  volume  of  the  gas  drawn  through  the  apparatus  is  then: 

and  we  háve: 

(n+rt):y,=ioo:i, 

g"J    „  =  the  per  cent.  by  volume  of  hydrogen  sulphide  present. 

(b)  Detertnination  oj  the  Amouní  of  Hydrogen  Suiphidc  Prescnt 

in  Solution, 

By  means  of  a  pipette  a  definite  volume  of  the  solution  is 
measured  out  and  allowed  to  run  ínto  ammoníacal  hydrogen  per- 
oxide with  constant  stirring  of  the  latter  by  meane  of  the  pipette 
itself .  After  heating  to  boiling  and  acidifying  with  hydrochloric 
acid,  the  amotuit  of  sulphuric  acid  formed  is  determined  as  barium 
sulphate. 

II.  Determination  of  Sulphur  in  Sulphides  Soluble  in  Water. 

(a)  The  solution  is  treated  with  an  excess  of  ammoníacal 
hydrogen  peroxide  water,  slowly  heated  to  boiling  and  kept  at 
that  temperature  until  the  excess  of  the  reagent  is  destroyed,  when 
the  sulphuric  acid  is  precípitated  with  barium  chloride  and  weighed 
as  barium  sulphate. 

0?)  The  solution  is  treated  with  bromine  water  until  a  perma- 
nent brown  color  is  obtained,  when  it  is  warmed,  acidified  with 
hydrochloric  acid,  and  the  sulphuric  acid  determined  as  barium 
sulphate. 

If  the  solution  contains  thiosulphate,  sulphide,  and  sulphate, 
as  is  likely  to  be  the  čase  after  standing  in  the  air  for  some  time, 
the  sulphide  sulphur  is  precípitated  by  means  of  cadmium  acetate 
and  the  sulphur  in  the  přeci pit;it.-  \&  determined  as  under  III,  oř 
the  cadmium  sulphide  is  oxidized  with  either  bromine  water  oř 
fuming  nitric  acid,  and  the  sulphuric  acid  formed  determined  as 
barium  sulphate* 
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The  determination  of  thiosulphate,  sulphide,  and  sulphitc 
sulphur  will  also  be  discussed  in  Part  II  of  this  book  under  Iodim- 
etry. 

III.  The  Determination  of  Sulphur  in  Sulphides  Soluble  in 
Dilute  Acids. 

Prináple. — The  hydrogen  sulphide  is  evolved  by  treatment 
of  the  sulphide  with  dilute  mM}  and  ábsotbed  in  ammoniacal  hydro- 
gen peroxide  solution  as  under  .1;  or  the  hydrogen  sulphide  is 
absorbed  in  caustir  Bodá  solution.  and  the  sodiuni  sulphide  fontu- 1 
analyzed  aceording  to  II;  oř  finally  the  gm  niay  be  absorbed  in  a 
weighed  tube  roiitaining  pumice  soaked  with  eopper  sulphate 
solution,  in  which  čase  the  gain  in  weight  represents  the  amount  of 
gas  absorbed. 

Evolution  and  Absorption  of  the  Hydrogen  Sulphide. 

In  the  čase  of  sulphides  rich  in  sulphur  0.2.5-0.50  gin,  of  the 
substance  shoutd  be  taken  for  the  analysis,  while  of  those  eontain- 
ÍBg  less  sulphur  a  eorrespondingly  larger  amount  should  be  taken, 
The  substance  is  placed  in  an  Erlenmeycr  fla.sk  (Kg.  43,  o)  the  vnn- 
nertion  between  the  flask  and  the  receiver  is  broken  and  the  air  is 
<\pelled  frotn  K  by  eondueting  hydrogen  gas  through  the  delivery 
tube  and  out  through  the  open  stop-eock  of  7\  After  a  rapid 
current  of  hydrogen  has  passed  through  the  apparatus  for  about 
five  minutes,  the  receivers  V  and  P  are  partly  filled  with  an 
ammoniaeal  solution  of  hydrogen  peroxide*  (about  3-4  per  rent. 
IU>;);  placing  about  100  c.c.  of  the  solution  in  V  and  about 
10-20  c.c.  ba  P. 

The  receiver,  V,  is  nuw  connected  with  the  delivery-tuhe  from 

theevolution-flask  A',  and  hydrogen  Ls  conducteíl  from  rthroughout 

{be  whole  apparatus  for  fivc  ininutes  more  in  order  to  remove  as 
. , __^ t . , _^__^^^^________ 

*  In  ease  hydrogen  peroxide  is  not  at  band,  the  receivers  ahould  contain 
100  c.c.  of  dilute  rodí  um  hydroxide  solution  (250  grn,  feo  1  Bte).  Aftcf  the 
deeooiporitioo  is  comptoto  the  OODítenftl  fll  the  receiver  are  transferred  to  a 
huVnr  30-50  c\t\  of  bromíZM  water  are  added,  the  solution  aeidified  with 
hydrochloric  acid  {sp,  gr.  1.19)  and  boíled  while  oafbon  <li**x ol*-  li  paasad 
through  it  lliitil  the  exeess  of  bromine  is  eompfeitelj  oxpelled.  The  sulphuríc 
acid  formed  is  then  pradptteted  with  a  bot  * >lnt ion  of  barium  chloride. 
Instead  of  oxídizinj;   the  sodium  sulphide   to   rodium   sulphatc   it   ean   be 

ited  with  iodíne  (cf.  Iodiraetry). 
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much  as  possible  of  the  air  from  the  receivers.  After  this,  about 
20  c.c.  of  botled  water  are  introduced  ínto  K  through  T  so  thaithe 
substance  is  entircly  covered,  then  dilute  hydrochloric  acid  (1  vol. 
concentrated  acid  +  1  vol.of  boilecl  watcr)  is  slowly  added  to  the 
contents  of  the  flask  and  the  decomposition  is  promoted  by  warni- 


Fig,  43. 

ing  somewhat.  Whcn  the  evolution  of  the  gas  has  ceased,  the 
nnntents  of  K  are  heated  to  a  gentle  boiling  and  a  slow  current 
of  liydrogen  *  is  conducted  through  the  apparatus  from  T  for 
twenty  minutes,  whcn  the  fláme  is  removed  and  the  current  of 
hydrogen  is  conťmued  for  fifteen  minutes  longer.  At  the  end  of 
this  timep  the  hydrogen  sulphide  will  surely  completely  be  driven 
ovcr  into  F.f 

*  The  hydrogen  is  avdvad  from  xuw  and  sulphuric  aeid  in  a  Kipp  gener- 
átor. The  gas  is  washcd  first  with  an  alkaline  lead  solution  in  order  to  remove 
traces  of  hydrogen  Bulphitle  and  then  with  watcr 

t  By  the  absorption  of  the  hydrogen  sulphide  in  the  ammoniacal  aolution 
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The  oontenta  of  tbe  fcwo  receivers  uc  wasbed  iato  a  beaker 

and  slowly  hcated  1< >  boiling  in  ordrr  tu  effect  the  coni plete  oxi- 
duťum  of  the  thiosulphuric  and  sulphurous  acids  and  to  expel  the 
excess  of  the  hydrogen  peroxide.  The  solution  is  finally  acidi- 
fied  with  hydrochlorie  arid  and  the  sulphuric  acid  dcterinined  as 
barium  sulphate. 

This  inethod  yields  excellent  results  and  can  be  applied  with 
advantage  to  the 

Determination  of  Sulphur  in  Iron  and  Steel. 

Inasmuch  as  the  amonní  of  sulphur  present  is  so  small,  a  large 
amount  r>f  the  substance  must  be  taken  for  the  analysis.  For 
pig  iron  2-5  gins.  are  suflieient,  while  with  steel  5  gms.,  and  with 
WtUUght  iron  as  much  as  10  gms.  ahouM  be  ušed. 

The  determination  is  carried  aut  in  the  samé  way  as  before, 
except  in  this  ease  a  stronger  acid  should  be  ušed  (HC1  sp.  gr.  1.12) ; 
this  is  allowed  to  act  upon  the  iron  at  on  re  without  first  cover- 
ing  it  with  water,  and  the  boiling  is  continued  for  at  least  half 
an  hour  after  the  gas  evolution  has  ceased. 

Remark. — Aecording  to  this  niethod,  the  sulphur  is  not  com- 
pletely  expelled  from  all  kinds  of  irons  and  steel.  Irons  rich  in 
siliea  leave  behind  an  insoluble  residue  which  often  contains  con- 
siderable  anioimts  of  sulphur.  This  residue,  therefore,  should 
be  filtered  off,  fused  with  sodium  carbonate  and  potassium  nitrát© 
(see  p.  277),  the  melt  extractcd  with  water,  and  the  silicic  acid 
removed  by  evaporation  with  hydrochlorie  acid.  From  the 
filtráte  the  sulphuric  acid  is  determined  as  usual  in  the  form  of 
barium  sulphate. 

Colorimetric  Determination  of  Sulphur  in  Iron  and  Steel.* 
Principtc. — The  hyclrogen   sulphide  evolved   from   a  weighed 
amount  of  iron  is  passed  into  a  flask  containing  cadmium  acetate 

of  hydrogeii  peroxide  the  lalter  is  ahvay*  coloivd  som< >v,  hat  yellow  ovriiig  to 
the  íormatian  of  a  lit  tle  ammonium  disulphide.  This.  yellow  color  can  be 
distinctly  scén  in  the  dělí  verv -tuhé,  wbere  u  dip*  into  the  solution  in  the 
receiver  and  later  disappears  owing  to  Curther  mtidation: 

(XIV^-fNH.i^O,—  Ml,  £0        XH^ÍV 
When  the  color  can  no  longcr  W  detected,  it  is  a  sign  that  the  greater  pari 
of  the  hvdrogen  sulphide  Has  been  dři  ven  over, 
*  J.  Wiborgh;  Stah!  und  Eisen  6  (1866),  p.  230. 
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whereby  the  latter  is  colored  yellmv  owing  to  the  formát  ion  of 
cadmium  sulphide:  the  intensity  o£  the  eolor  is  proportional  tu 
the  amoont  of  hydrogen  sulphide. 

If  a  grams  of  substance  produce  a  ccrtaiu  shnile  tlien  it  would 
také  2a  grams  of  a  substance  containing  half  as  much  sulphur  to 
duplicate  it,  oř,  in  other  wonls.  the  relationfl  holds.  *is  =  i7.V.  whcre 
a  uiiíI  n'  rvpresent  the  amount  of  substance  taken  for  the  analysis 
and  s  and  tt  the  percentage  of  sulphur  prcsent.  In  the  first  pla 
tlien,  a  ocale  inust  be  prepared  of  dilTercnl  shades  represent 
different  percentages  of  sulphur.  For  this  purpose,  Wiborgh 
uses  the  apparatus  shown  in  Fip:,  44.  It  consists  of  a  250-300-c.c. 
jy  Erlcnmeyer  flask  A  with  a  side- 
ami  funnel  T  and  with  a  ground- 
glass  eonneetion  between  the  eylin- 
J£^  K  der  B.     The  latter  is  about  20  cm. 

longt  and  is  from  5.5-6,0  cm.  wide 
at  the  top  and  nbout  8  mm.  at  the 
bot  tom.  The  upper  edge  of  the 
cylinder  is  rounded  over  and  ground 
perfectly  sinooth.  Upon  this  upper 
edge  are  plaeed  two  rubber  rinjrs 
of  the  samé  iimer  diameter  as  the 
glass  cylinder.  Between  these  two 
rings  is  laid  a  circular  pieee  of  eloth 
C  that  has  been  dipped  in  a  sólu t  ion 
of  cadmium  acctatet  and  upon  the 
upper  rubber  ring  is  placed  a  wooden 
ring  H  which  is  held  firmly  against 
the  edge  of  the  cylinder  by  meana 
of  three  rlanips  K  (only  two  are 
shown  in  the  illustration). 
The  flask  A  is  filled  not  quite  half  full  with  distilled  water,  the 
contents  boiled  a  few  nnnutcs  to  rentové  1he  air,  the  fláme  is  re- 
moved,  and  a  weighing-tube  eontaining  a  dcfinite  ammint  of  a 
Substance  whooe  sulphur  content  Lfi  known  is  thrown  into  the 
flask.  The  cvliiuler,  with  the  cadmium  aeciato  cloth  in  position, 
is  placed  upon  the  fln.sk,  and  the  genťle  boiling  is  oontinued  uutil 
the  cloth  is  uniformly  moistened  with  the  aqueoua  vapor  which 
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is  seen  to  pass  through  it.  The  water  mast  not  l>e  boiled  too 
strongly  and  the  cluth  niust  not  be  allowed  to  pufl  up,  for  in  that 
čase  it  will  heroine  distorted  and  afterward  an  unevenly  cnlored 
surface  will  be  obtained.  After  boiling  for  three  oř  four  niinutea 
sulphuric  acid  (1:5)  is  cautiously  added,  drop  by  drop,  to  the 
eontents  of  the  flask  (3  c.e.  for  eaeh  0.1  gm.  of  iron)  through  the 
funnel  7\  The  evolution  of  hydrogen  sulphide  begina  ut  unce 
a&d  is  recognized  by  the  cadrniuni  acetate  cloth  becoming  yellow. 
After  the  acid  has  all  been  added.  the  boiling  ifl  continued  until 
there  is  no  múre  gas  evolved  front  the  substance^  and  then  for 
ten  minutes  more  in  order  to  completely  expel  it  from  the  solu- 
tion. 

The  pieee  of  cloth  is  now  removetl  and  placed  upon  a  picre  út 
white  filter-paper,  wo  that  theside  which  was  toward  the  flask  is  on 
top*  In  the  samé  way  a  scale  of  six  different  shades  fa  prepurcd 
corresponding  to  the  following  table : 

Tint  No.  1. 


Amnunt 

Weighml 

Chll. 

Per  r*nt< 
Suljihur 
Present. 

0-8 

0*0026 

0-4 

0005 

0-2 

0  010 

01 

0020 

0-GS 

0  025 

0  04 

0  050 

0  02 

0-10O 

Tint  No.  2. 

0<8 

0-005 

0-4 

0  010 

0  2 

0*020 

01 

0040 

0  os 

0  050 

004 

0100 

0  02 

0-200 

Tint  No.  3. 

0-01 

0-4 

0-02 

02 

0-04 

0  1 

0-08 

010 

0  04 

0-20 

0-02 

0*40 

Tint  No. 
Ajnount 

4. 

Sulphttr 
Preaerit, 

0-8 

0-015 

0-4 

0-030 

0-2 

0060 

0-1 

0120 

oos 

0*150 

0-04 

0-300 

002 

0-600 

Tint  No. 
0-S 

5. 

0-025 

0-4 

0-050 

0-2 

0*100 

01 

0-200 

OOS 

0  250 

004 

0-500 

0-02 

1-000 

Tint  No. 
0-8 

0-035 

0-4 

0  070 

02 

0140 

0-1 

0*280 

0-08 

chaso 

0-04 

0-700 

0-02 

1  -  400 
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To  iilustrate  the  use  <A  this  table,  support  we  wish  to  prepare 
the  seale  kútú  a  sample  of  steel  containing  exactly  0.17  per  cent. 
of  sulphur,  How  much  of  it  should  be  weighecl  out  in  order  to 
prepare  Tint  No.  1  ? 

From  the  table  we  know  that.  this  shade  ran  be  prepared  by 
weighing  out  0.8  gm.  of  au  iron  containing  0,0025  per  cent.  sul- 
phur, and  it  folloWB  from  what  has  brní  sani: 

ns  >  .:.(i.0frjr>  =  xx  0.017 
0.8X0.0026 


x  = 


0.017 


=  0.0117  gm. 


We  ERUfit,  therefore,  weigh  out  0.0117  gin.  of  the  steel  in  order 
to  prepare  Tint  No.  1 , 

In  the  samé  way  the  amount  necessary  to  pmduce  Tint  No.  2 
will  be  fnund  to  be  0.0235  gm.,  etc.  For  the  detontiination  proper, 
from  0.1-0.8  gm,  of  the  substance  (according  to  its  supposed  sul- 
phur eontent)  is  weighecl  out  and  treated  in  the  samé  way.  If 
with  a  sample  of  0.2  gm.  a  shade  corresponding  to  Tint  No.  5  is 
obtained,  the  table  shows  us  that  0.1  per  cent.  of  sulphur  is  present. 

Remark. — The  above  process  is  verv  simple  and  to  be  reconi- 
mended  in  čase  a  large  number  of  sulphur  determinatkms  are  to  be 
made,  as  is  the  čase  in  iron  and  steel  laboratories.  For  a  single 
determination,  however,  it  is  quicker  to  use  one  of  the  other  methods 
unless  a  scale  is  already  at  hand.  These  standard  shades,  how- 
ever,  can  be  purchased  from  dealers  in  chemicals. 

IV,  Determination  of  Sulphur  in  Insoluble  Sulphides. 

For  this  analysis  the  sulphur  is  either  oxidized  to  sulphuric 
acid  and  dctermined  as  barium  sulphate,  or  the  sulphide  is  acted 
upon  in  a  suitable  apparatus  with  nascent  hydrogen,  whereby  the 
sulphur  is  evolved  as  hydrogen  sulphide  and  is  absorbed  by  one  of 
the  above-described  meth< 

The  oxidation  of  the  sulphide  can  také  pláce; 

(a)  In  the  Dnj  \Ya*j. 

(b)  In  the  WfSt  W<uj. 


- 
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(a)    OXIDATION    IN     THE    DRY    WAY, 

L  Freseniux'  Mdhod :  Fu&ian  inth  Sod  i  um  Carbonate  and 
Polassium  Nitráte, 

The  extremely  finely  powdered  sulphide  is  intimately  mixed 
in  a  spacious  porcelain  crncible  with  twelve  times  as  much  of  a 
mixtiire  of  four  parts  BOdilSOl  carbonate  and  one  part  potassuim 
nitráte,  covered  with  a  thin  layer  of  the  niixturc  and  heated  at 
fiist  geatlf,  then  gradually  increasing  the  teniperature  until  the 
OQHtetttfl  of  the  crncible  are  mclted  ;  it  is  then  kept  at  this  tcmpcra- 
ture  for  fifteen  minu  tes.  After  cooling,  the  melt  is  extracted  with 
water,  filtered,  the  residue  1>oÍlecl  with  pure  sodium  carbonate 
sólu  ti  on  and  finally  washcd  with  water  to  the  disappearanee  of 
the  alkaline  reaction.  The  filtráte  is  treated  in  a  covered  beaker 
with  an  excess  of  hydrochloric  acid,  boiled  to  expel  the  carbon 
dioxide,  and  evaporatcd  with  the  frequent  acidit  ion  of  hydrochloric 
acid  until  all  the  nitráte  present  is  destroyed,  Ihiring  the  evapora- 
tion,  silieie  aeid  often  scparatcs  out  and  must  be  filtered  ofT,  When 
DO  mora  odor  of  chlorine  can  be  deteeted  from  the  boiling  solution, 
it  is  diluted  to  a  volume  of  about  300  c.c,  and  přeci pitated  bot 
with  a  boiling  barium  chloride  BdhltioD. 

Remark, — This  is  the  most  reliable  method  for  detenniniug 
the  total  amoimt  of  sulphur  in  insolubJe  sulphidcs  and  Ě&nrékí  for 
testing  values  obtained  by  other  methods. 

It  is  import  antt  however.  to  eonditct  the  fiision  in  such  a  man- 
ner  that  none  of  the  conibustion  prodttéte  of  the  sulphur  in  the 
illununating-gas  comes  in  contact  with  the  contents  of  the  crucible. 
This  is  accomplished,  ;i>  sugřiested  by  Iijwe,*  by  placing  the  eruci- 
ble  in  an  inclined  position  within  a  hole  in  a  piece  of  asbestos  board. 

2,    Mdhod  o}  Horkmann, 

In  order  to  avoid  the  tcdious  operation  of  destroying  the  nitráte 
which  isneeessarv  in  the  method  of  l  resenius,  Hockmann  fuses  0.5 

gm.  of  the  substance  with  26  gma.  of  a  mhcture  of  sbs  parta  eodium 

carbonate  and  one  part  potassium  chlorate*     The  eontents  of  the 
crucible  are  heated  gentry  at  first  and  finally  until  there  is  no  more 

*  Zeit  f.  anal  Chero.  XX  (1881),  p.  224. 
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evnlminn  oí  oxygen.     After  cooling  the  melt  is  extracted   with 
r,  the  iltimte  acidified  with  hy«lri*'hWir  arid  nud  pwipitated 
at  a  boiling  temperature  with  barium  chloride. 

Tl.is  met  hod  is  hrld  tn  be  less  umíráte  tliaii  tliat  <»f  V\ 
but  according  to  the  author's  experience  it  is  equally  good. 

3.  Oxidation  by  Cktarině  (Rose). 

This  very  import  aut  methix  1  is  usn  l  Irss  t< n  letennine  the  ainount 
of  sulphur  prescnt  in  insoluble  sulphidcs  than  it  is  to  effcct  the 
solution  of  the  sulphide  for  the  separatitm  and  dctcnnhiatkm 
of  the  ntetals.  As  an  exaruple  of  this  sort  of  an  analysis  we  will 
consider  the 

Analysis  of  Tetrahedrite  (Fahlerz). 

Tetrahedrite  is  a  sulpho-salt  corresponding  to  the  generál  for- 
mula  4MS-R.S,  in  which  M  is  Cua,  Ag„  Fe,  Zn,  oř  Hg2J  and  R  is 
As,  Sb.  or  Bi. 

Krom  0.5-1  gm.  of  the  fineíy-powdered  minerál  is  introduoed 
by  rneans  of  a  long  weighing-tube  into  the  bulb  of  the  tubo  Fi,  ¥[%.  4f>, 
whieh  is  30  cm.  long  and  1 J  cm*  wide  and  made  of  diíík-ultiy  fusible 
gl*6& 


1  i<;,  45. 


In  the  reeeivers  V  and  Z  are  placní  about  100  c,c.  of  hydrochloric 
acid  (1 :  4)  to  which  3.5  gms.  of  tartarir  acid  hávu  been  added,  and  a 
glow  bul  uteadystream  of  ehlorine*  is  eonducted  through  the  appa- 
ratus, 

*  The  chlorine  is  generated  m  a  Kipp  a  oparu l us  from  chloride  of  Ume  and 

hydrochloric  ftctd.     In  order  to  purify  the  jra-s  it  is  poasod  through  the  wash- 

les  A,  B}  and  C.     Thfl  iir^t  contains  water  and  the  other  two  cont&ia  con- 
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As  soon  as  the  chlorine  rcaches  the  substance  Í11  Rf  the  decom- 
positifjn  begÍ0&  lbe  oonteata  of  R  become  heated  and  the  volat  i  le 
chlorides  colleet  in  the  front  part  of  the  tube,  Wheii  the  aetiou 
begins  to  dhninish,  the  decompositiofa  is  assisted  by  heating  R 
with  a  sruall  fláme  kcpt  in  eonstant  nwtion.  The  heatinír  M  oon- 
tinucd  until  only  brown  vapors  rf  ferric  chloride  are  given  off;  as 
little  as  possible  of  these  should  pass  into  the  receiver.  The  easily 
Vi.latile  chlorides,  hnwever,  are  driven  ovit  into  V  as  much  as 
possible  by  carefully  heating  with  tlie  Same.  After  aDowiDg 
eool  in  au  atmosphere  of  chlorine,  the  tube  R  is  broken  by  fint 
MTatrhing  with  a  nle  near  the  drawn-out  part  and  then  toueh- 
ing  it  with  a  hot  glass  rod.  Over  each  of  the  open  ends  of  the 
tube  a  e-lean,  moist  tcst-tubc  is  plaecd  and  allnwed  t<»  stand  this 
way  nvcrnight;  in  this  way  the  sublimate  absorbs  water  and  ran 
be  easily  washed  ořT  in  the  tnorning.  The  contents  of  V  and  Z 
are  poured  into  a  beaker  and  the  drawn-out  part  of  R  is  washed  out 
with  hydrochbric  acid  containing  tartaric  acid. 

The  Residue  A 

mnsists  uí  silver,  lead,  and  copper  chlorides,  alrnost  all  of  the  zinc, 
lead,  considerable  amounts  of  iron,  and  the  gangue. 

The  Solution  B 

contains  all  of  the  sulphur  as  sulphuric  acid,  the  bismuth  as  chloride, 
the  arsenic  and  antimony  as  their  pentoxide  compounds,  a  part 
of  the  iron  and  zinc  and  often  small  amounts  of  lead. 


Tr* utnu  ni  of  the  Residue  A, 

This  is  warmed  for  a  lofig  time  with  dilnte  hydroehloric  acid. 
diluted  with  water,  allowed  to  setile.  and  the  residue  oonAstíiig  of 
silver  chloride  and  the  gangue  is  řiltered  off,  washed  thoroughly 
with  bot  water  in  order  to  make  Míre  that  all  lead  chloride  is  ri'- 
moved,  treated  with  ammonia  00  the  filter  and  the  silver  preeipi- 
tated  from  the  ainmoniaeal  filtráte  by  acidifying  with  hydroehl 
acidt  and  determined  as  the  chloride,  The  residue.  (naotubh  in 
ammonia,  is  ignited  wet  in  a  platininn  erucible  and  mighed, 

rated  ralphufio  acid.    It  is  n\&®  wcll  to  bitroduoQ  1  <  .ilnuni  chloride  tuhé 
fiWvd  vviíh  pieces  of  ralcite  bctweon  C  aud  H  in  order  to  WmoVl  traces  of  acid. 
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Into  the  filtráte  from  the  silver  chloride,  hydrogen  sulphide  ta 
paased  untO  the  nlution  is  saturated  with  the  gas,  the  precipitate 
■ ■■imsisting  of  eoppcr  and  lead  sulphides  ía  flltered  oři,  and  the  lead 

»rated  from  the  eopper  as  sulphati*  aerording  to  p.  160.  The 
filtráte  from  the  hydrogen  Bulphldfi  precipitate  is  combined  with 
that  obtained  from  Sotutiofi  B  after  hydrogen  sulphide  has  been 
passed  into  it. 

Treatment  of  Soíution  B. 

A  streani  of  carbon  dioxtde  is  passed  thmugh  the  soíution  for 
sorne  time  in  order  bo  remove  the  greater  part  of  the  exeesfl  ol  chlo- 
rine,  and  hydrogen  sulphide  is  then  passed  into  it  at  the  tempera- 
ture  of  the  water-bath.  The  precipitale.  cnnsisting  of  sulphides 
of  arsenic,  antimony,  mercury,  and  possibly  hismuth,  is  filteml 
ofT  after  Btafíding  tuvlve  hours,  and  the  arsenic  and  antimony 
srparated  from  the  mercury  and  hismuth  by  E&8BIU  of  unmioníum 
sulphide  as  described  OQ  p,  177.  From  the  amnionium  sulphide 
soíution  the  arsenic  and  antimon  v  are  precipitated  by  EUndlfyiog 
wilh  dilute  hydrorhlorie  or  sulphuric  acid,  the  precipihitrd  sul- 
phides  Qteredoff  and  the  arsenic  separated  fmm  lite  antimony  as 
deflcribed  on  p.  181  et  s*q. 

\ Tie  precipitate  inaolubk  in  amnionium  sulphide  usually  coni 
almost  enlirelv  of  nicrcuric  sulphide  and  sulphur,  in  which  čase 
it  is  washed  first  with  alcohol,  then  a  few  times  wíth  carbon 
bisulphide,  then  with  aleuhol  again,  dried  at  100°  C.  (preferably 
in  a  PauVfl  dryin^-overi)  and  weighed,  If  bismuth  is  present,  how- 
ever,  the  mix  ture  of  the  two  sulphides*  is  treated  with  nitric 
acid  Of  sp.  gr*  1/2-1.3,  boiled,  an  equal  volume  of  water  addcd, 
the  rcsidue  íiltcred  and  the  bismuth  determined  in  the  filtráte 
íirrording  to  p.  141,  while  the  mercury  is  determined  as  above 
ícribed. 

The  filtráte  from  the  hydrogen  sulphide  precipitate  nmtains 
iron  and  zinc  and  is  combined  with  the  Componding  filtráte 
from  the  Residue  A,  which  hkewise  contains  then  motals.  These 
are  precipitated  by  the  ad  di  ti  on  of  ammonia  and  ammonium 
eulphide,  fihered  olT,  dissolved  in  hydrorhlorie  acid.  the  soíution 
oxidized  with  nitric  acid,  and  the  iron  separated  Itobx  the  zinc, 
preferably  by  tho  barium  oafbonate  met  hod  (aee  p.  121). 
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It  is  best  to  determine  the  sulphur  in  a  separate  portinn  by 
fusion  wíth  sodiura  carbonate  and  potassium  nitráte  as  deaeribed 
on  p.  277, 

The  determination  of  the  sulphur  in  an  aliquot  part  of  the 
Solution  B  is  not  to  be  recomraended  on  account  of  the  faet.  that 
the  metals  present  are  likely  to  contaminate  the  precipitate  of 
barium  sulphate. 

(B)    OXIDATION    OF  SULPHUR   IV   THE   WET  WAY. 

For  this  purpose  aqua  regia,  fuming  nitric  acid,  hydrochloric 
aeid  and  potassium  chlorate,  and,  in  some  cases,  ammoniacal 
hydrogen  peroxide  háve  been  pro  posed. 

Aqua  regia  is  most  frequently  ušed  in  practice  and  in  the  pro- 
portion  first  recommended  by  J,  Lefort,*  viz.,  3  volumes  of  nitric 
acid  of  sp.  gr.  1.4  and  1  volume  of  hydrochloric  acid  of  sp.  gr.  1.2. 
As  an  example  we  will  cite  the 

Determination  of  Sulphur  in  Pyrite,  G.  Lunge*s  Můthod, 

AboutO.5  gnt.  of  pyrite,  which  has  been  ground  as  fine  as  possible 
and  passed  through  bolting-eloth,  is  weighed  into  1  300-c,c.  brak* .-v. 
tnated  with  10  c.c,  of  the  above  mix  ture  of  nitric  and  hydrochloric 
aeids,  and  covered  with  a  wateh-glass.  The  deconiposition  asually 
takés  pláce  immediately  with  evolution  of  brown  fumes  of  nitro 
peroxide.  If,  however,  the  action  do<s  POl  bejrin  of  itsclf.  it  is 
start  ed  by  gently  heating  the  solution,  after  which  the  Baňu 
quickly  rento  ved.  As  a  nile  the  sulphide  is  deeont posed  rapid  ly 
wi  tnout  deposition  of  sulphur.  If,  however,  sulphur  should 
separate  out,  it  is  brought  into  solution  by  the  careful  addition 
of  a  verv  li  tile  potassium  chlorate.  When  everything  except 
the  %lit-«olored  gangue  has  been  dissolved.  the  solution  is  trans- 
fcrred  to  a  porcelain  dish,  heated  to  boiling,  and  evaporatod  OD 
the  water-bath  to  dryness  (in  order  to  remove  the  greater  part 
of  the  nitric  acid).  The  dry  mass  is  moistened  with  1  C.C, 
hydrochloric  acid,  100  c.c*  of  water  are  added,  and  the  gangue, 
B  msistíng  of  quartz,  silicatcs,  and  possibly  traces  of  lead  and  barium 

*  J.  de  Fharm.  et  de  Chimie  [IV],  Vol.  9,  p,  99,  and  Zeít.  fur  anal,  Chcm. 
.81. 
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sulphates,  is  filtered  off.  If  the  atnount  of  insoluble  matter  is 
small,  then  it  is  not  necessary  to  filter  at  this  point* 

The  solution  should  not  be  přeci  pita  teti  immefliately  with 
barium  chloride  (cf,  p,  368);  it  must  be  freed  first  from  ifoo  by 
l>ncipitation  with  nmmcmifi  and  the  sulphuric  acid  determined 
io.  the  filtráte  free  from  iron. 

To  separate  the  iron,  the  cold"  solution  is  treated  with  an  excess 
of  ammonia  in  the  cold  (to  prevent  the  formation  o£  a  basic  ferric 
su]phate),aml  afterward  heated  to  the  boiling-point  *  with  constant 
Btirring.  The  precipitate  is  allowed  to  settle,  the  elear  liqirid  poured 
thnuijíh  a  niter,  má  the  precipitate  is  then  transferred  to  the  filter 
an<l  thoroughly  washed  with  bet  water,  90  that  the  precipitate  i> 
well  churned  up  by  the  operation,  The  washing  is  continued  until 
1  oř  2  c.c.  of  the  filtráte  will  give  no  turbidil y  with  barium  chloride 
after  standing  several  minut  es,  The  filtráte,  together  with  the 
wash  water,  usually  amounts  to  200-300  c.c,  but  in  čase  its  volume 
is  greater  than  this,  it  should  be  concentrated  by  evaporation. 
It  is  acidified  with  hydrochloric  acid,  heated  to  boiling,  and  pre- 
cipitated  with  a  boiling  solution  of  normál  barium  chloride,  of 
which  9  c.c.  should  be  sufficient  for  0.5  gm.  pyrite.  After  stand- 
ing for  half  an  hour  on  the  water-bath,  the  clear  supernat:mt 
liquid  is  poured  through  a  filter,  and  the  rcsklue  is  washed  four 
times  by  dccantation  each  time  with  100  c.c,  of  boiling  water.  It 
is  then  transferred  to  the  filter,  and  washed  with  bot  water,  until 
5  c.c,  of  the  filtráte  will  show  no  turbidíty  with  sulphuric  acid. 
It  is  ignited  wet  in  a  platinum  crucible  and  weighed. 

Remark, — The  results  nbtained  by  this  method  are  entirely 
satisfactory.     The  author,  after  comparlson  with  all  other  methods 


*  After  the  solution  is  made  alkaline  with  ammonia  ít  ean  be  heated  to 
boiling  without  any  danger  of  forming  a  basic  ferrie  stilphate.  The  latter 
wmild  be  formed  if  the  weakly  acid  solution  wereboilcd  Kxeeptwhen  the 
pyrite  containcd  conaiderable  eopper,  the  author  has  nevěr  found  sulphuric 
m  "ni  in  thfl  ammonia  precipitate  when  the  above  direetiona  were  followcd.  In 
the  interest  of  aocuracy,  however,  the  ammonia  precipitate  stloukl  ahnyi  i»k 
tested  for  eulphur.  To  accomplish  tlm,  the  dried  precipitate  ia  fused  with 
sodium  earbonate  (frre  from  fulplmr)  in  a  platinum  crucible,  the  melt  is 
sstrftcted  with  water  and  any  Rilphurir  mul  present  ia  determined  as  barium 
sulphate  after  acidifying  with  hydrwhloric  acid. 


I 


DETERMINATtOK  OF  SULPHUR  IN  1NSOLUBLE  SULPHfDES.     283 


that  háve  been  proposed  for  this  determination,  has  found  it  in  all 
cases  as  aecurate,  and  in  many  cases  more  accurate,  while  it  is 
much  more  rapidly  accomplished.  In  a  íew  cases  the  Lunge 
method  was  found  to  givc  slightly  lower  results  than  that  of  Fre- 
senius, but  only  when  barium  oř  considerabie  amounts  of  lead 
were  present.  In  such  cases  the  barium  and  some  of  the  lead  is 
lrft  la-hind  as  sulphate  in  the  insoluble  residue  and  escapes  the 
determination;  but  it  is  prreisely  this  sulphur  which  it Lsnot .desired 
to  deterrnine  in  a  technieal  analysis,  for  it  is  worthless.  Aceord- 
ing  to  the  Fresenius  method  all  the  sulphur  is  determined  irrc- 
spective  of  how  it  may  be  combined.  For  this  reason  the  lattor 
method  possesses  a  certain  advantage  for  scientifie  purposes  and  a 
disadvantage  for  technical  work. 

As  excellent  as  the  Lunge  method  is  for  the  analysis  of  pyrites, 
it  is  altogether  unsuitcd  for  the  determination  of  the  sulphur  p 
ent  in  copper  sulphide  ores.  In  the  first  pláce  the  filtráte  frora 
the  ammonia  precipitate  contains  so  much  copper  that  the  barium 
sulphate  wiil  be  impure,  and,  what  is  still  worse,  the  former  pre- 
cipitate usually  contains  very  appreciahle  amounts  of  a  basic 
copper  sulphate  so  that  it  is  nccessary  to  redissolve  it  in  hydro- 
chloric  acid  and  repeat  the  precipitation  with  ammonia  two  oř 
three  times.  In  this  way  a  large  volume  of  wash  water  is  obtained 
which  requires  a  tedious  evaporation.  In  such  cases  it  is  far 
better  to  make  the  analysis  by  means  of  the  Fresenius  method. 
As  a  rule,  the  oxidation  of  the  sulphur  to  sulphuric  acid  in  the  dry 
way  is  to  be  preferred  to  that  in  the  wet  way,  for  in  the  former  čase 
the  sulphuric  acid  is  obtained  as  alkali  sulphate,  free  from  other 
metals,  which  is  a  great  advantage  (cf.  Sulphuric  Acid)* 

In  špite  of  the  cnormous  oxidizmg  power  of  the  mixture  of 
nitric  and  hydrochloric  acids,  it  is  not  sufticient  for  the  analysis 
of  roasted  pyrite,  because  part  of  the  sulphur  present  in  this 
čase  escapes  as  hydrogen  sulphide  (cf.  Lunge*s  "Alkali  Makers' 
Handbook")- 
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(C)    EXPULSION    OF   HYDROGEN   SULPHIDE    FROM    INSOLURLE 
SUL  PH  ID  KS, 

(a)   The  hon  Mrthad* 
In  1881,  M.  Gniger  showed  that  by  heating  pyrite  with  iron 
out  of  contact  with  the  air  the  former  is  quantitatively  ehanged 
mto  ferrous  sulphide, 

FeS,  +  Fe-2FeS, 

and  from  the  latter  all  of  the  sulphur  will  be  given  off  as  hydrogen 
sulphide  on  treatmcnt  with  hydmchloric  acid.  In  1891  the  author 
independent  ly  canie  to  the  saine  condusion  and  worked  out  a 
niethod  which  permite  of  the  determination  of  sulphur  not  only 
in  pyrite  but  in  all  other  insolublo  sulphides. 

Proceduře— First  of  all  the  fimly  pUWllftNfed  sulphide  is  heated 
out  of  contact  with  the  air  with  iron  powder.  In  this  way 
part  of  the  sulphur  is  usualiy  given  up  to  the  iron,  and  the  com- 
pound  itself  is  reduced  to  cumptmnds  which  are  acted  upon  by 
hydrochlorie  acid  with  evolution  of  hydrogen  sulphide;  the  latter 
is  absorbed  in  ammoniacal  hydrogen  peroxide  solution,  as  de- 
seribed  on  p,  27 1,  The  heating  with  iron  is  accomplished  in  a 
small  glass  crucible  about  30  mm,  long  and  10  mm.  in  diameter 
(Fig.  43,  b)t  which  can  be  easiiy  made  from  an  ordinary  piece  of 
combustion  tubing.  About  3  říins.  of  iron  powder  that  has  been 
převinu sly  ignited  in  hydrogen  is  placed  in  the  crucible,  from  0.3- 
0.5  gm.  of  the  sulphide  is  thoroughly  mixed  with  itř  and  the  mix- 
ture  is  finaOy  oOTOred  with  a  thin  layer  of  iron  powder.  The  cru- 
cible is  now  placed  in  the  opening  of  the  piece  of  asbestos  board  A 
(Fig.  43,  b)  and  upon  it  is  placed  the  gas-delivery  tube  B  which  has 
been  prepared  from  difficultly  fusible  glass,  A  streain  of  drv 
carbon  dioxidet  d  through  the  apparatus  for  a  few  min- 

*  Bendíte,  XXIV,  p+  1937. 

t  The  carbon  dioxíde  w  prepared  from  marble  and  hydroehloric  aeid  in  a 
Kipp  generátor.     To  purify  the  gas  it  b  passed  through  a  wash-bottle  i 
tainisg  water,  then  through  one  eontaining  potassiuru  p  nte,  then 

through  a  tube  fiHed  with  puimee  soaked  in  copper  sulpíiate  solufiou,  and 
fvnuHv  through  a  caleium  chloride  tube.  Polassiutn  perinauganate  and  eop- 
per  sulphate  serve  to  remove  traees  of  hydrogen  sulphide  that  the  carbon 
dioxide  might  contain. 
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útes  and  the  crucible  is  gently  heated  with  a  sniall  fláme.  Usu- 
ally  there  is  a  distinct  glowing  visible,  but  no  trace  of  the  sulphur 
is  lost  by  volatUization.  As  soon  as  the  contents  of  the  crucible 
háve  ceased  to  glow,  the  temperature  is  raised  until  a  dull-red  heat 
h  obtained,  and  the  crucible  is  kept  at  this  temperature  for  ten 
minutes. 

After  cooling  in  the  carbon  dioxide,  the  crucible  togetber  with 
its  contents  is  placed  in  the  4QOc.c.  flask  K  and  is  connected  with 
the  absorption  vessels  V  and  P  as  shown  in  the  figuře,  The  rest 
of  the  proceduře  is  carried  out  as  described  on  p,  271, 

Renusrk. — Coiomercial  iron  powder  always  contains  a  small 
aniount  of  sulphur,  so  that  a  blank  experiment  is  first  made  with 
a  weighed  amount  of  the  samé,  and  for  the  experiment  proper  the 
samé  amount  of  iron  is  ušed.  The  amount  of  sulphur  found  to 
be  present  in  the  iron  is  subtracted  from  the  amount  found  in 
the  analv 

The  anthor  was  disappointed  in  not  being  able  by  this  met  hod 
1 Q  distinguish  betwecn  the  sulphur  present  in  insnhihle  sulphides 
as  sulphide  and  that  present  as  sulphate  (barium  sulphate),  If 
the  amount  of  sulphate  present  is  small,  it  is  coinpletely  reduced 
to  sulphide  by  this  method,  while  if  a  large  amount  of  sulphate 
is  present,  it  is  oíten  only  nartially  redueed.  As,  however,  the 
amount  of  barium  sulphate*  present  in  insoluble  sulphides  is 
usually  small,  this  method  serveš  for  the  detcrmination  of  the 
total  amount  of  sulphur. 

(i)  The  Tin  Method. i 

Prijiciple. — Álmost  all  insoluble  sulphides  on  being  treated 
with  mctallic  tiii  and  concentrated  hydrochlorie  acid  give  ofT  all 
their  sulphur  as  hydrogen  sulphide,  Bftldifig,}  who  first  studie* l 
this  method,  ušed  tin  and  hydrobrornic  acid. 

Proceduře.— Into  the  e volut  km  tube  (Fig.  46),  which  is  20  cm. 
long  and  2.5  cm.  wide,  is  placed  a  layer  of  finely-powdered  tin  (g) 
about  0.5  cm.  thick.  Upon  this  the  substance  is  placed  enclosed 
in  tinfoil  (s)  and  then  a  layer  of  granulatcd  tin  about  6  cm.  deep 

*  Bariem  sulphata  alnne  Ls  rnduecd  with  difficiilt\ 
tBerichte,  XXV,  P.  2377. 
IBerichU*.  XIV,  p.  2085. 
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(Z)  is  added,     A  eurrent  of  pure  hydrogen  is  conducted  througb 
the  apparatus  for  about  five  minutes,  after  wkich  the  stop-cock 


Fig,  46. 

is  dosed  and  the  tube  connected  with  the  receivers  P  and  Vf  as 
fihown  in  the  figuro.  The  fiask  V  contains  an  amnioniacal  solution 
of  hydrogen  peroxide,  while  P  contains  2  to  3  cm.  of  water  in  order 
to  remove  any  staimous  chloride  that  may  be  carried  over  with 
the  gas.  Concentrated  hydrochloric  acid  is  now  added  through 
the  drop-funnel  until  the  tín  is  at  the  most  half  covered  with  the 
acid.  The  contents  of  the  tube  are  then  warmed  alíghtly,  prefer- 
ably  by  placing  it  in  a  small  paraíFin  bath.  The  capsxile  of  tin 
soon  dissolves,  and  the  substance  is  secn  to  be  floating  in  the  and. 
It  dissolvrs  after  about  fifteen  minutes,  and  the  acid  becomes 
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perfectly  clear.  The  heating  is  now  continued  until  there  is  no 
more  yeUow  coloration  to  be  detected  111  the  delivery-tube  which 
dips  into  the  receiver  V\  More  aeid  is  then  added  to  the  contents 
of  the  tube,  until  the  tin  is  completely  covered  with  it  and  the 
heating  is  continued  for  half  an  hour,  meanwhíle  first  heating 
the  contents  of  P  to  boiling  and  passing  a  eurrent  of  hydrogen 
through  a.  By  tliis  means  all  of  the  sulphur  wilJ  be  driven  over 
into  V  *  and  is  there  held  in  solution  as  ammonium  sulphate  and 
analyzed  as  described  on  p.  273. 

Rcmark. — This  method  affords  an  accurate  means  for  deter- 
mining  the  sulphur  present  in  insoluble  sulphides  as  sulphide  in 
the  presence  of  sulphate.  Thus  the  amount  of  pyrite  in  clay-slate 
that  contains  gypsum  ean  be  deterniined  by  this  method,  although 
usually  the  treatment  with  aqua  regia  or  fusion  with  soda  and 
nitře  is  ušed.  By  these  iast  two  methods,  however,  the  tota!  sulphur 
is  deterniined.     More  accurate  values  for  the  piprite  present  in  such 

taoes  umy  1- htained  by  deGompomtion  in  i  ettmsri  tá  chkmae 

(see  p.  278),  in  which  ease  only  the  sulphide  sulphur  is  deterniined, 

Finally,  it  may  be  mentioned  that  arsenie  sulphide  may  be  de- 
compused  by  the  above  met  hod,  although  a  longer  time  is  required 
than  h  tlie  čase  with  pyrite,  eopper,  chalcopyrite,  galena,  cinnabar, 
etc,  Arsenopyritc,  on  the  other  hand,  is  either  unacted  upon  of 
only  deeomposed  with  difficulty,  while  the  iron  method  efifects  the 
deconipositiuri  with  ease. 

Determínation  of  Sulphur  in  Non-electrolytes, 

In  order  to  determine  the  amount  of  sulphur  present  in  organic 
compounds.  it  h  oaddised  to  sulphuric  acid  and  deterniined  as 
barium  sulphate, 

The  oxiílation  m  effectod 
(o)  In  tíu  W<t  Wag. 
(b)  Inthc  Dnj  II 

(a)  Oxidatimi  in  the  Wct  Way  (Corius). 
This  operation  is  eonduetod  b  preeisely  the  sarne  manner  as 
was  deecribed  on  p.  24S  for  the  determin&tiou  of  halogens,  exr 

*  With  kirpe  amountfl  of  sulphur,  OQB  receiver  is  often  inatiffinent.  In 
mA  cases  the  tube  k  is  eonneetetl  with  a  Pčligot  tube  containiag  ntninoiúaca] 
Lvlrogen  peroxide  as  slu>wn  in  Fig.  43,  p.  272. 
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in  tfriis  čase  there  is  no  silver  nitráte  added  to  the  contents  of  the 
tube.  After  the  closed  tube  has  been  heated  and  opened,  its 
contents  are  transferred  to  a  beaker,  hydrochloric  acid  is  added, 
a&d  the  Kquid  n  evaporated  to  a  bzqbD  volume  in  order  to  ren 
the  nítrie  acid;  it  is  then  dihtted  with  water  to  a  volume  of  about  200 
c.c.  and  preeipítated  hot  with  a  boiling  solution  of  barium  chloride 
and  weighed  as  barium  sulphate. 

(b)  Oxulatiftn  in  the  Dry  Way  (Liebíg). 

A  mixture  of  cight  parts  potassium  hydroxide  (free  from  suL 
phate)  and  one  part  of  potassium  nitráte  is  melted  in  a  large  silver 
crucible  with  the  addition  of  a  little  water.  After  cooling,  a  weighed 
arnount  of  the  substance  is  added  and  the  contents  of  the  crucilu* 
again  heated  very  gradually,  frequently  stirring  the  mixture  with 
a  silver  wire  until  the  organic  subst&noe  is  eonipletcly  decomposel. 
After  eooling,  the  melt  is  dissolved  i  ti  water,  acidified  with  hydro* 
chloric  acid  and  the  sulphuric  acid  fonned  is  preeipítated  and 
weighed  as  barium  sulphate, 

This  method  is  particularly  suited  for  the  determination  of  sul- 
phur  present  in  difficultly  vola  tile  substances,  e.g.,  in  wood-cements, 

CHa 
ACETIC  ACID,  |  .     Mol.  Wt-  60.04. 

COOH 

Free  acetic  acid  is  always  determined  volumetrically.  For 
the  analysis  of  acetates,  the  substance  is  heated  with  phosphoric 
acid  when  the  free  aeetic  acid  di^til^  ověř  and  is  then  titrated 
(cf.  Part  II f  Acidimetry).  The  earbuii  and  hydrogen  of  the  aeetate 
can  be  detennined  by  Elcmentary  Analysis  (which  see). 

Cyanic  Acid,  HOCN.    Mol.  Wt.  43.05. 

The  only  method  for  examining  cyanates  consists  of  deter- 
mhririg  the  arnount  of  carbon  and  nitrogen  present  by  a  combus- 
tion  (see  Elementary  Analysis)* 

Determination  of  Cyanic  Acid,  Hydrocyanic  Acid,  and  Carbonic 
Acid  in  a  Mixture  of  their  Potassium  Salts. 
In  one  portion  of    the  substance  the  carbonic  acid  is  deter- 
mined by  the  addition  of  ralcium  chloride  to  the  ammoniacal  solu- 
tion  and  weighing  the  ignited  precipitate  as  calciuin  oxide. 


i 
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In  a  second  portion  the  cyanogen  of  the  cyanide  is  deter- 
mined  as  silver  cyanide  by  trcating  the  aqucous  solution  with  au 

BSB  of  silver  nitráte,  theti  acidifying  with  nitric  acid  and  deter- 
riiining  the  weight  of  the  silver  cyanide  u  deecribed  oq  p.  259. 

In  a  third  portion  the  potussiuui  is  determined  by  evaporatiug 
wiih  sulphuric  acid  and  weighing  the  residue  of  potassiuni  sulphate 
as  described  on  p.  38.  lf  from  the  total  amount  of  potassium 
present  the  amount  preaent  as  potassium  carbonate  and  potassium 
cyanide  is  dedueted,  the  difference  gives  the  amount  of  potassium 
combined  with  the  cyanic  acid. 


HYPOPHOSPHOROUS  ACID,   HfPOr     Mol.  Wt.  6fi.03. 

Forms:  Mercurous  Chloride t  HgXL;  Magnesium  Pyrophosphate, 

Mg>,Ór 

(a)  Detennination  as  Mercurous  Chloride. 

The  solution  of  the  salt,  which  is  slightly  acid  with  hydro- 
chloric  acid,  is  treated  with  an  excess  of  inercuric  chloride;  by 
this  means  insoluble  mercurous  chloride  is  precipitated.  After 
standing  for  twenty-four  hours  in  a  warni,  dark  pláce  the  precip- 
itate  is  filtered  through  a  íiooch  rrucible,  washed  with  water 
dried  at  110°  C,  and  from  the  weight  of  the  mercurous  chloride  the 
amount  of  hypophosphorous  acid  present  is  calculated  as  follows; 

H.PQ,  +  2H,0  +  4HgCI,  m  2Hg,CIJ  +  4HC1  +  H^O, 
2Hgjai:H,PO^/ř:x 

2HglCla 
in  which  p  is  the  weight  of  the  Hg2Cl2  obtained  in  the  analysis. 
(b)  DetennlnatioQ  as  Magnesium  Pyrophosphate. 

First  of  all,  the  phosphorous  acid  is  BOBWted  into  phosphorie 

acid  by  adding  5  c.c.  of  concentrated  nitric  acid  to  the  aqueous 
solution  of  from  0.5-1  gm.  of  the  substance  in  about  100  c.c.  of 
water,*  evaporating  on  the  water-bath  to  a  small  volume,  adding 
a  few  drops  of  furning  nitric  acid  and  again  heating.  After  this  the 
phosphoric  acid  is  precipitated  by  magnesia  mixture  and  the  pře- 

*  lf  the  hypophospliitť  UtVC  trvaterf  with  nitric  acid,  metapliosphorie 
acid  would  be  obtained;  by  the  addition  of  water  the  ortho-salt  u  fanmd. 
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cipitate   is   weighed   as  magnesium   pyrophosphate  as  described 
under  Phosphorie  Acid. 

GROUP  III, 

SULPHUROUS,    SELENOU8,    TELLUROUS.     PHOSPHOROUS,   CAR^ 
BOXIC,  OXALIC,  IODIC,  BORIC,  MOLYBD1C,  TAKTAR1C,  META- 

AND  PYROPHUSPHOttIC  ACIDS, 

SULPHUROUS  ACID,  HaSOť     Mol.  Wt.  82,08. 
Form:   Barium  Suiphate,  BaSO^ 

The  sulphite  oř  free  sulphurous  acid  is  first  oxidized  to  sul- 
phuric acid  and  thea  precipitated  wiih  barium,  chloride. 

The  oxidation  can  be  accomplished  by  means  of  chlorioe, 
brominc,  hydrogen  peroxide,  or  potassiuni  percarbonate. 

Oxidation  with  Chlorine  ar  Brominc, 

Chlorine  or  bromine  water  is  allowed  to  flow  gradually  into 
the  aqueous  sólu t ion  of  sulphurous  acid,  oř  of  a  sulphite,  the  excess 
of  the  reagcnt  is  subaequently  removed  by  boiling  and  the  sulphuric 
acid  is  precipitated  with  barium  chloride, 

Oxidation  with  I  h/drogen  Peroxide* 

The  solution  of  sulphurous  acid  or  of  a  sulphite  is  treated 
with  an  excess  of  amnioniacal  hydrogw  pwcndde,  hratrd  to  boil- 
iug  i  n  order  to  remove  the  excess  of  the  peroxide,  acidiťied  with 
hvdrcichloric  acid  and  precipitated  with  barium  chloride  after 
making  acid  with  hvdrorhloric  acid. 

With  jKrtassium  percarbonate  a  similar  proceduře  is  ušed. 
The  alkaline  solution  of  the  sulphite  is  treated  in  the  cold  with 
solid  potassitim  percarbonate,  gcntlv  heated,  after  which  the  tom- 
persture  ia  gradually  raised  till  the  boiling-point  is  reached. 
The  Bnlutinn  is  thcn  acidified  with  hydrochloric  acid  and  pre- 
cipitated with  barium  chloride. 

*  The  hydn>e;eri  peroxid*  must  always  be  tested  to  see  if  it  containa  sul- 
phurií"  arit  l ;  if  it  ta  foutid  to  )m  prese  rit,  the  aniount  is  dctennined  and 
nfterward  au  acrumtelv  measuivd  <ui:inttty  is  u><-<\  for  the  oxidaliou,  The 
finiount  of  sulphuric  acid  froru  the  peroxide  ia  deducted  from  the  totul  value 
fouad  in  the  analysia. 
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Suiphurous  acid  may  be  determined  very  accurately  by  a  volu- 
tnetric  anaiysis  (cf.  Part  II,  lodimetry), 

Selenous  and  Tellurous  Acids, 

The  anaiysis  of  these  acids  was  discussed  under  Selenium  and 
Tellurium. 

PhosphorOUS  ÁCIDt  HsP03.     Mol  Wt.  82.03. 

Forma:  Mercurous  Chloride,  HgXL,  &m{  Magnesium  Pyro- 
phosphate,  Mg2P9Or. 

This  determination  is  effected  exactly  as  that  of  hypophos- 
phorous  acid  (cf.  page  289). 

In  this  ca.se,  however,  It  is  to  be  noted  that  1  ruoL  HgjClj  oor- 
responds  to  1  moh  HaPOs: 

HIPOJI+2HgClJ+H30-H1POi+2HCl+Hg3Cl3, 

Determination  of  Phosphorous  and  Hypophosphorous  Acids* 

In  this  čase  an  indirect  anaiysis  must  be  made.  Af ter  oxidizing 
one  portion  of  the  substance  to  phosphoric  acid,  the  total  amoimt 
of  magnesium  pyrophosphate  is  found ;  mercuric  chloride  is  allowed 
to  act  upon  a  second  portion  and  the  weight  of  the  mercurous 
chloride  formed  is.  determined.  Froni  these  data  the  amount  of 
each  acid  present  can  be  calcuiated  as  follows: 

Suppose  we  háve  a  solution  containing  the  two  acids.  Let  us 
denote  by  x  the  amount  of  hypophosphorous  acid  present  ín  7  c.c. 
of  the  solution,  and  let  ox  represent  the  amount  of  mercurous 
chloride  produced  from  it  and  mx  the  amount  of  magnesium  pyro- 
phosphate. Further,  let  y  represent  the  amount  of  phosphorous 
acid  present  in  the  samé  volume  of  the  solution  and  vy  the  cor- 
responding  amount  of  mercurous  chloride  and  ny  that  of  mag- 
nesium pyrophosphate*  The  total  amount  of  the  mercurous 
chloride  is  q,  while  the  total  amount  of  magnesium  pyrophosphate 
is  /;.    We  háve  then 

ox+vy=q 
from  which  it  follows 


x-í 


on  —  mv 


-vt 


v 


on—mv 


-g-0. 14004-  p*  0.59294 
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and 


o  m 

y=p       — q : 


p  1.4733 -?  0.17399. 


In  these  equations,  m,  n,  o,  and  v  háve  the  folio  wing  values; 
MKlIV  >ř  __>tfePA_1  357S 


H3ř-*- 


MoL  Wt.  62.02, 


Carbonic  Acid,  HaC03. 

Carbonic  acid  is  determined  gravinietrically  as  C02;  but  a 
more  accurate  determination  is  effected  by  expelling  this  gas  and 
measuring  its  volume. 

i.  Gravimetric  Determination  of  Carbon  Dioxide. 

This  analysis  may  be  aecompltehed  in  two  ways.  First,  we 
may  weigh  the  substance,  expel  the  carbon  dioxide  and  then  Weigb 
it  agaín,  whcn  the  differencc  will  roproflont   the  amount  of  g 

>ndf  the  carbon  dioxide  may  be  expelled  from  a  weighed 
amount  of  the  substance  and  then  absorbed  in  a  suitable  appa- 
ratus ;  in  this  čase  the  carbon  dioxide  is  weighed  directly. 

A,    DETERMINATION    OF   CARBONIC  ACID   BY    DIFFERENCE. 

(a)  Ddermination  in  the  Dry  Way. 

For  the  analysis  of  a  carbonate,  oř  a  mixture  of  carbonates 
whieh  wtltatei  no  volatile  eonstíturut  other  than  the  carbon 
dioxide,  1  i^m.  of  the  substance  is  weighed  into  a  platinám 
crucible  and  gradually  heated  to  a  high  temporature.*  Tn  - 
ealeiuni,  strontium,  or  magnftťrinni  is  \m 'scnt  a  finál  heating  over 
the  blast-tamp  is  necessary,  while  with  other  carbonates  the  heat 
of  a  good  Teclu  burner  is  sufficient;  even  the  diííicultly  drcom- 
lable  cadmium  c&rboo&te  eao  be  aunlyzed  by  this  mcthod.  The 
Ctfbonates  of  barium  and  the  alkalies,  on  the  other  handř  do  not 
los«  their  carbon  dioxide  on  ignition. 

rbooic  :u  n\  caxmot  be  determined  by  this  method  wheo  tli*  rpsridual 
jÁdš  BUffen  ch&nge,  asf  for  example,  in  the  čase  of  FeCO,  and  MnCOj  where 
an  oxidation  would  ttike  pláce. 
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If  the  substance  acmtaina  water  beatdea  carbon  dioaode  tlím 
the  sum  of  xhv  water-h  carbon  dUmde  i<  detenniaed  by  ttte  low  on 

igniti^n.  ;uifl  the  aiiiount  of  carboti  dioxide  is  detennined  in  a  see- 
ond  portion  by  {b). 


(b)  Drftrttixifiíion  in  thč  WH  Wag, 

Principk. — The  waighed  carbonate  is  plared  in  an  apparatlM 
contaimng  acid,  but  in  such  a  \v;iv  that  the  fonner  does  not  at  first 
coine  in  contact  with  the  latter.  The 
whole  apparatus  is  then  weighed,  after 
>vhif  li  tlic  aeid  is  allowed  to  act  upon  the 

lanee,  whrn  carbon  dioxide  is  ovolved  d 
and  escapes  from  the  apparatus.  (Care 
nuist  be  taken  that  no  rnnisture 
with  the  gas.)  By  afterward  weighing 
the  apparatns  and  suhtraeting  this  weight 
from  that  first  obtaíned,  the  weight  of 
thr  earbon  dioxide  is  ascertaiiird. 

Proceduře.— ThLs  analysis  Ls  easily 
accomplished,  and  a  large  number  of 
different  forma  of  apparatus  háve  been 
de  viset  I  for  this  puq>ose.  In  this  bonk, 
however,  only  one  of  these  sn-called  alka- 
limeters  WÍU  be  described,  námely,  that 
of  Mohi\  which  in  an  i  ni  proved  forrn  is 
shown  i  n  Fig,  47 ,  althotigh  it  i  míst  be 
etated  that  many  otherforms  (e.g.,  those 
of  Bunsen,*  Slir^tter,  ( ieissler,  Frese- 
mus-Will,  ete.)  answerthepurposeequal- 
]y  well. 

The  alkalinieter  ronsists  of  lbe  sinali,  wide-monthed.  flat-bofc- 
tomed  flask  F.  which  has  a  ground-glass  conneetion  with  t he  tiibes 

*  In  the  Oenoaa  edition  of  thi*  hnok,  Bunscn's  alkalimrt^r  is  descrit*»d 
bfltefld  of  Hohťfl.  The  dbove  apparatus  has  tím  advantage  of  having  a  stop- 
cfK-k  toeeparste  the  &cid  comporttneni  from  t h<*  Badk,  hesidee  having  a  fial 
bOUom,  lipou  which  it  will  rest  unsupported.  It  is  all  made  of  verv  thia 
glass  and  wetgha  com  parat  i  vely  lit  tle. 


Fio.  -17, 
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A  and  /í,  At  ihe  hottons  <>f  Bia  placed  a  boee  wad  of  eotton;  a 
cylinder  of  glazed  páper  about  3  cca,  wide  u  iatrodueed  into  the 

neck  of  the  tube.  and  thxuugh  this  cylinder  some  pieces  of  stfted 
ealcium  chloride  *  are  potored.  The  páper  cylinder  is  reinoved 
after  the  tube  i  about  three-quarters  íitll  of  ca  lei  um  chloride,  and 
ifl  taken  to  sec  that  none  of  the  lat  tec  adlieres  to  the  glass 
above  the  filled  portion.  Another  wad  of  cotton  is  tlien  plačci l 
hi  ilir  tube,  the  top  is  placed  upoti  it,&nd  the  tube  is  dosed  tempo* 
rarily  at  <l  by  means  of  a  pieee  of  stirring-rod  within  rubber  tubíng. 
The  tube  should  be  kept  efaeed  when  not  m  uae  to  prevent  the 
gradu  id  ahsorptinn  of  moisture  fnmi  tlie  air,  Two  ord  in  ary  cal- 
cium  chloride  tubes  are  filled  in  the  samé  way  about  two-thirds 
full,  but  in  this  čase  softened  cork  stoppers  are  placed  at  the  end 
of  the  tubes  after  the  Beoond  Wftd  OÍ  Oottou,  Throttgh  a  hole  in 
eaofa  stopper  a  short  pieee  of  glass  tubing  with  rounded  ends  is 
iutruduced,  and  the  cork  is  shoved  far  into  the  tube  with  the  help 
of  a  stirring-rodj  leavin<r  fcheouter  2  «>r  3  nim.  empty.  This  space 
in  the  tube  is  filled  with  inolten  scaling-wax,  BO  that  a  perfectly 
air-tight  coimection  is  made.  These  tubes  are  also  closed,  when 
iini  in  use,  by  Rtirriiig-rod  within  nibber  tubing, 

Hefure  beginning  the  dctcniiiiiatinn  the  apparatus  must  be 
clean  and  drv.  It  is  not  advisablc  to  drv  the  flask  by  washing 
with  alcohnl  and  ether,  but  it  shnuld  bc  gently  heated  while  a  cur- 
rent  of  dry  air  is  sucked  thlOUgb  it.  As  aspirator  an  inverted 
wa>h-bottle  may  be  ušed,  fmm  which  the  water  is  allowed  to  run 
out  slowly  through  the  short  er  tube.  During  the  aspiration  the 
small  calcium  chloride  tubes  are  conneeted  with  c  and  d  respect- 
i  vely,  BQ  that  no  moisture  can  enter  the  flask. 

When  all  is  ready  the  fmely-powdercd   substance,  which  has 

been  dried  at    IDO0  (\  and  cooled  in  a  desiccator,  is  placed  in  a 

WeigbiDg-tube,  řiom  1  to  1.5  gms.  are  transferred  to  tlie  rlask  and 

a  little  water  is  aoMed.f     The  tube  A  is  now  fiíled  two-thirds  full 

*  As  rnmmcnial  eutcium  oblorídt  ahvay.-  rotit-aius  a  liUlc   íree  IÍme9ieiDfl 

íTirlmu  dioodde  wfll  be  abtorbed  by  itanej  oonaequentíy  l<m  moltt  obtetned 
i  1 1  the  analysis,  uulcss  the  ralvium  chloride  i-;  MltlRfcted  with  carbon  dioxide 
bofon  t hi ■  nimlysis  is  made  («M  foot-note,  page  2Í)7). 

tThi>  taethod  ií  often  ušed  for  the  ctolewillilittOP  of  the  carbonie  aeid 

in  bftldng-powden,    Buch  substance!  we  dec | i  by  water  bo  that  they 

sfaould  1«-  kqit  drv  tintil  after  lbe  apparatm  has  been  weighed. 
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with  hydrochlorie  acitl  (1  part  eoneenfraíed  aeid  to  i  of  water)  by 
meanfl  of  §  email  fuxmd  or  thistlc  tube,  and  the  stop-coek  T 

rnust  be  tumed  BG  thiit  noiie  of  the  aeid  will  run  into  the  íl 
The  whole  apparatus,  a.s  shown  íti  ftg,  47,  is  now  phu-ed  npoii 
the  balance-pan  and  aceiiratelv  wei.nhed.  The  stop-cock  T  is  tlien 
Opened  SO  that  the  acitl  in  .1  slowly  drops  into  the  flask.  As  souti 
as  the  evolution  of  oarbofl  dinxide  begiiu  to  také  pláce quietly,  tbi 
apparatus  is  allowed  to  stainl  m ithout  watrhing  for  about  half  un 
honr,  At  lbe  and  *rf  this  tirue  all  of  the  aeid  will  havepassed  i nt < > 
the  flask,  and  the  de&ompoeition  will  be  oeariy  oompleta  in  most 

es,  It  now  remains  to  remove  all  carbnn  dioxidft  absurbed  by 
the  lupi id  and  contained  111  the  apparatus.  This  is  efTeeted  by 
getftly  he&ting  the  solní  ion  bymeane  ol  i  BmáU  fláme  until  thescíd 
just  begine  to  boil,  mcanwhile  aspirating  a  eurrent  of  dry  air  thmugh 
c  and  out  at  d.  Not  inmv  than  three  or  four  bubbles  of  air  per 
second  should  be  allowed  to  pass  throitgh  the  fla.sk.  As  soon  aá 
the  boiling  begins,  the  fláme  is  removed  and  the  slow  currer. 
air  is  still  passed  through  the  apparatus  until  it  ieoold.  It  is  t!ien 
stoppered  and  allowed  to  stand  near  the  balanee.  for  half  an  hour 
or  more,  after  which  it  is  again  weighed  withuut  the  stoppers,  The 
in  woight  POprOBOntB  the  amount  of  carboii  dioxide  OtrigUi&Uy 
present  in  the  substance  as  carbonate. 

Remark. — Tlus  method  afTords  exeellent  results  ín  the  esti* 
mation  of  large  amounts  Ol  ntrboiiic  aeid,  hut  it  is  tmrrliable  fnr 
the  analysis  of  sinali  umounts  ÍUCh  as  are  present  in  cemente, 
rte.  In  such  čase*  the  1  resenius-Classen  or  Lunge-Marchlcwski 
methnd  is  better.     (See  pp,  197  and  30 

The  objectáOD  tO  this  niethod  lies  in  the  faet  that  OWl&g  to 
the  sue  and  weight  of  the  apparatus,  there  is  likely  to  be  an 
errur  in  makin<r    the    iwo   ueiirhimrs*     On   the   other  hanil,  H 

imquesttoii&bly  trne  that   it  b  eaeier   to  irxpd  eazbon  dios 

froin  a  solution  thati  it  is  tu  abaofb  it  ^niintitatively. 

H.    UIUV.CT   IIETKHMIN.Vl  10M    Of   CABBON   ÍJlOXtDE, 

Here  again  the  determination  can  be  carrieil  out  both  in  the 
dr>r  and  wet  wn 

♦  There  issome  danger  of  losing  a  tittk  hvdrochloric-acid  gas  during  the 
operutintK  To  prevent  this  the  tulriurn  tlilontlo  rnay  t>'  rvphurtl  Ly  pumice 
iiiipr^giiat^t]  with  anfaydroua  copper  suiphate,  or  the  carhoaate  naay  be 
deoomposed  l*y  metna  of  sulphuric  acid. 


*9Ó     GRJVIMETRiC  DE7ERMÍNATÍON  OF   THE  MET/fLLQIDS. 
(>/)    {Mnmntdtion  in  thv  Drtj  Watf. 

Frorn  mie  to  two  grame  of  the  substance  are  weighed  out  into  a 
ptircelain  boat,  and  the  lattcr  ia  shoved  into  the  middle  of  i  horizon- 
tally  hekl  glass  tube  which  isabout  20  cm,  long  and  1-LJ5  cm,  wide, 
and  made  of  difficultly  fusible  glass.  Both  ends  of  the  tube  are 
provided  with  calciuut  chloride  tubes  counected  with  it  by  nieans  of 
tight  ly-fil  ting  rubber  stoppers.  Through  o  ne  of  the  calcium  chl<  »ride 
tubes  a  slow  streani  of  air  (free  froin  carbon  dioxide)*  is  conducted 
and  the  othcr  is  eoimected  with  two  weighed  sodadíiue  tubes  (cf, 
p.  2'.IS).  The  substance  is  heated  gradually  until  it  glows  strongly, 
inean  while  pnfMJng  a  slow  blit  stcady  eurrent  of  air  through  the 
apparatus.  When  there  is  no  further  hcat  effect  to  be  deteeted 
in  the  sodadime  tubes,  the  substanee  ta  allowed  to  oool  in 
the  eurrent  of  air  and  the  soda-lirne  tubes  are  subsequently 
weighed.  The  inrrease  of  weight  represents  the  aruount  of  carbon 
dioxide. 

tirmurk. — This  mel  hod  ean  bfl  employed  for  the  analysis  oj 
all  carbonatcs  with  the  ezeeptioa  of  those  of  barium  and  the 
alkaliestt  tlmugh,  of  course,  no  other  volatile  aeid  can  be  present 
at  the  samé  time.  Watet  is  kept  bark  by  the  calchnu  chloride 
lobe. 

EsDample:  Analy9Í$of  WkiU  Lani. — White  lead,  provided  it  ia 
free  from  acetate  (which  musí  be  shuwn  by  a  qualitative  test>, 
ran  be  areurately  and  expeditioiisly  analvzed  by  the  aboVQ 
ínethod.  It  is  a  hasie  carbouate  of  leail  and  QOntaios,  therefore, 
lead  oxide,  carboD  dioxide,  and  watcr,  while  it  is  often  contami- 
tiated  With  sand. 

i  li«j  analvsis  is  conducted  as  ahove  dcserihed  cxeept  fhat  in 

this  eaee  the  calcium  chloride  tube  which  is  eonneeted  with  the 
sodadime  tubes  is  weighed*    The  gam  in  weight  of  the  fonner  repo- 

sents  the  atiimmt  of  waícr  in  the  substance    1 1 1 < -  gaic  in  weight  of 

the  latter  shows  the  amount  of  earbonie  acid  přesnít,  while  if  the 


♦The  air  ia  pasaed  through  two  wa^i  iiiitig  caustic  potaah 

KfaltiotL 

t  Evdo  ihi  rarbonates  of  the  alkalies  and  of  barium  can  be  analvzed  in 
this  way  if  they  are  inixed  with  potoasium  bkhromate. 


■ 
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roaidue  ín  the  purcelaín  boat  is  weighed  the  am<>unt  of  lead  09 
i  Irtrnnined,  After  weighing  the  httter  the  lead  oxide  ta  tnated 
with  bot,  dilute  nttric  ar/id,  wheti  it  will  dissolve  to  a  elear  sulution 
if  pure.  while  anv  saad  will  remain  bchind  as  au  insoiuhk  residue. 
If  there  is  a  residue  it  is  filtened  off,  ignitcd,  and  weighed.  By 
dedueting  the  latter  tYom  lbe  originál  might  «>f  the  residue  in  the 
poreelain  boat*  the  weight  of  the  pure  lead  uxide  is  obtained. 

(6)  Dťkrmhiuiion  in  the  Wii  Wny,  fl/fc  iius-Classen. 

The  apparatus  necessary  for  this  determination  is  shown  in 
Fig;  48.  It  coDsists  of  a  deconiposition-flask  oj  ftbottt  100  bj  . 
capacity  provided  with  a  mndonser  and  eonnected  with  the  drying- 

tubes  ot  b,  and  c  and  with  ihe  xvví:  linie  tubes  </  and  c;  *  /  is 

a  protection  tube  wfaooe  leít  arm  is  filled  with  calciuru  chloride  and 
whose  right  arm  contains  suda-lime,  The  first  drying-tube,  a, 
ťonlaius  ghiss  beads  wet  with  eoncentrated  sulphuric  acid,  while 
b  and  c  contain  granular  caleium  chloride.t 

Proceduře, — The  substance  is  weighed  011 1  into  the  drv  Hask, 
covered  with  a  little  water  in  order  tn  pře  ven  t  loss  of  the  substance 
and  a  slow  current  OÍ  air  (free  from  c&l1)OD  dioxide)  is  conilueted 
through  the  apparatus  in  order  to  remove  anv  earbon  dioxide 
that  may  be  present  in  the  ílask  oř  in  the  three  drying-tubos. 
While  the  air  is  being  led  through  the  apparatus,  the  soda-lime 
tul-  irefully  wiped  with  a  linea  cloth  and  weighed.     The 

current  of  air  is  n  |  »o.  l,  the  weighed  tubes  are  eonnected  witlic 


*  The  right  arm  of  Um  laat  soda-Hme  tube  is  one-thml  filled  with  ealrinm 
chloride  in  order  to  absorb  lbe  water  set  free  by  the  llMQffpttaa  of  the  earbon 
;.|e  by  the  Hoda-lime,  3N*OB  hOO»-Na^Q,      H/>. 

t  As  eomiiiereial  caleium  chloride  aiways  contains  luně  whieh  will  absorb 
earbon  dioxide,  it  nni>t  be  satumted  with  ttu  gas  before  tím  deterain*! 

',-  1  nade      For  this  purpctfft  a  drv  curn-ni   of  \\w  gM  >s  Q Inotftd  through 

the  tubes  for  OM  oř  fcwo  minuté*,  thr  Mlto  end  of  the  tube  i?*  íhvn  cloacd 
by  means  of  a  glas*  rod  within  a  pieee  ol  rubbcr  tubing  and  the  othei 
ta  kept  connectcd  with  the  Kipp  generátor  tor  twHve  hours  At  the  8nd 
of  that  time  the  excess  of  earbon  dioxide  it  tviiio\«>d  by  passíng  air  through 
the  tubes  tor  twentv  nuntitea.  The  air  •*  írtvd  íroni  Carboa  droxide  and 
dried  by  passitig  through  two  botttes  eoiitainitiK  eoticentrmlid  caustic  potash 
solutíon  and  then  through  a  long  tube  tilted  with  caleium  chloride* 
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nu  the  ose  hand  and  with  /  on  the  nthert  after  which  a  slow  stream 
OÍ  hvdroehloric  acid  (1:3)  is  alluwed  to  flow  upon  the  substance 
from  the  funnel  7\  eausing  an  inimedlate  cvulution  of  earhon 
díoxidc  g&fi.  The  stream  of  ftoid  is  regulated  10  that  not  EJIOTO 
than  3~4  bubbles  per  sec<md  ní  ^as  pass  through  o.  Wheo  all  of 
the  aeirl  has  becn  added,  the  oonteutfl  of  the  flask  are  slmvly  heated 
to  boifing  and  while  the  solution  is  boiling  gently,  a  slow  current  of 
air  is  passed  through  the  apparatus  so  that  not  more  than  2-3 


Fig.  4S. 


bubbles  per  second  pass  through  a.  During  the  whole  operation, 
cold  water  is  áDowed  to  fiow  through  the  rundenser;  in  this  way 
the  water  vapor  is  oondeosed  and  flows  back  into  the  flask  inst»a<I 
of  reaching  the  sulphurie  acid  in  <i;  eonsequently  the  euntents  of 
the  latter  tube  seldoin  háve  to  be  renewed.  Alrnost  all  of  the  cur- 
bonic  acid  is  absorbed  in  the  first  sodadirne  tube,  as  inay  bfl  aserr- 
tained  by  the  heat  eflFeet  there.  Tlifl  aecond  tube,  g}  shotild  reinain 
perfectly  cold  provided  oot  more  than  0.5-1  gnu  of  the  carbonate 
was  taken  for  the  analysis,  When  all  of  the  carbon  rlioxide  has 
been  absorl>ed  the  tube  d  quieklv  ooob.  As  soon  as  this  has 
taken  pláce,  the  fláme  is  rcmoved  and  a  somewhat  more  rapid 
current  of  air  is  conducted  through  the  apparatus  for  twenty 
minutes  more  The  soda-lime  tubes  are  then  removed,  stoppered, 
and  allowed  to  stand   in  the  balance  oase  for  twentv  minutes.  in 
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order  to  acquire  the  ternperature  of  the  balance;  they  are  then 
weighcd. 

Remark* — The  results  obtained  by  this  met  hod  are  perfectly 
satisfactory.  For  the  analysis  of  substances  enntaining  sinali 
amoimts  of  carbonate,  frona  3-10  gms.  are  taken  for  the 
analysis. 

If  the  substance  contains  besides  the  carbonate  a  sulphidt 
whioh  is  decomposable  with  acid,  a  tube  containing  pumica 
impregnated  with  OOpper  sulphate  *  is  introdured  between  a 
and  bt  and  this  serveš  to  absorb  all  of  the  hydrogen  sulphide 
evolved. 

The  Fresenius-CIassen  method  is  sui table  Hol  nnly  for  the 
determination  of  carbon  dinxide  in  solid  substances,  but  aLso  for 
the  analysis  of  carbonates  in  solution  provided  little  oř  no  free 
carbonic  acid  is  present.  In  čase  eonsiderable  amounts  of  the 
itter  are  to  be  esttmated,  as  in  the  čase  of  many  minerál  watns, 
the  analysis  is  conducted  as  follows: 


Determination  of  the  Total  Amount  of  Carbonic  Acid  in 
ifímfůt  Waters. 

Froin  3  to  4  gms.  of  freshly-hurnt  linie  f  and  the  samé  amount 

*  ESixty  gnm  of  puinice  in  pieces  aJbotfl  the  size  of  a  pea  are  plared  in  a 
poreelain  dish  and  eovered  with  a  concentmted  solutum  of  30-35  jmis.  of 
copper  siilplmte.  The  solution  íš  evaporated  to  dryness  with  eutistant  stirriiiK 
and  the  residur  allnwed  to  remain  in  the  hot  elosot  at  IV)  t<10  (\  tV.r  f«mr 
r  bouift,  At  thlí  tem|>eraturc  the  eopner  sulphate  is  partly  dehydrated 
and  111  this  eondition  it  ahsnrhs  hydrogen  sulphide  more  readily  than  when 
in  the  hydroua  eondition.  It  ramiol  be  heated  hípher  than  the  above  tein- 
perature  as  otherwise  aome  mlphur  dioxide  is  formed  whicli  would  be  absorbed 
by  the  soda-time. 

t  To  pře  pare  this  linie  absolutely  free  froin  earbonate,  the  linie  is  placed 
in  a  tube  of  dimcultly  fusiMe  glass  and  heated  in  a  small  comhiiRtion  funiaoe, 
meanwhile  passing  a  current  of  drv  air  free  from  earboii  dioxide  over  it. 
In  this  w;ív  4  jmis.  of  commereial  Ume  ean  be  froad  from  earbonate  ín 
one-half  to  three-quarters  of  an  hour.  That  the  carboti  dioxide  i^  aetually 
reroovfd  ean  be  shown  at  the  end  of  lhát  titne  by  passiia;  the  eseapiiifr  air 
throngh  baryta  waler;  there  should  \w  ih>  torbidily,  A  blank  experiment 
should  alwaysbe  Juade  with  this  Hrne.  If  it  is  desired  to  use  comrnercial  lime 
for  the  determiuntion,  the  amount  of  earbonate  present  is  deterrained  and 
an  aceurately  weighed  amount  is  ušed  for  the  analysis. 
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of  ciyetallized  cakáum  chloride^  are  placcd  in  each  of  from  four 
to  six  ESřJenmeyer  flasks  whose  ncoks  are  of  such  a  size  that 
they  will  each  fit  theapparatus  shnwn  in  Fig.  48.  The  flasks  ira 
closed  by  means  of  tightly-fitting  rubber  stoppers  and  accurately 
weighed.  A  double-bored  rubber  stopper  is  taken  of  wuůx  ■  bím 
that  it  will  fit  into  the  neck  of  each  of  the  above  flasks  and  through 
one  of  the  ho  les  is  fitted  a  short  glass  tube  which  řeaehes  about  3  cm. 
above  the  stopper  and  the  samé  distance  below,  while  through  the 
other  hole  a  glass  tube  about  50  cm.  long  is  passed  which  likewise 
rrarhes  about  3  cm.  below  the  stopper.  To  fill  the  weighed  flasks 
with  the  water  to  bc  Uftlyied,  ttwy  are  taken  to  the  spring  and 
are  treated  one  after  another  as  follows:  The  solid  rubber  stopper 
is  quiekly  replaced  by  the  one  fitted  with  the  two  tuhes,  the  thumb 
Ls  plaeed  over  the  shorter  of  the  tubes,  and  the  flask  ig  dippeil  well 
below  the  surfaee  of  the  water,  but  so  that  the  longer  tube  still 
reaehes  into  the  air  above.  The  thumb  is  now  rernoved  from  the 
shorter  falbe,  whcn  the  spring-wator  will  pass  into  the  na>k  and  the 
replaced  air  will  escape  through  the  long  tube.  As  soon  as  the 
flask  is  alrnost  full,  the  shorter  tul  iin  rl<  >sed  with  the  thumb, 

the  flask  is  rernoved  from  the  water,  and  the  stoppers  are  once 
paofe  quiekly  interehanged.  To  mak*"  snre  that  the  solid  stopper  is 
not  loosened  while  earrying  the  flask  back  to  the  Iaboratory.  it  is 
covered  by  a   piece  of  parehmenl  ind  f:istened  by  means  of 

string  to  the  neck  of  the  fla.sk.  The  flasks  are  then  allnwed 
stand  Bevera]  days  with  freqnent  shaking,  when  the  precipitate  is 
allowed  to  settle  and  the  flask  and  eonteotfl  are  weighed.  The  gaii 
in  wright  represeiits  the  aniount  of  water  taken  for  the  analysis. 
The  supeniatant  liquid  is  quiekly  poured  OÍf  through  a  folded  filter, 
the  niter  is  immediately  thrown  into  the  flask,  and  the  Iftttef  is 
now  eonnected  with  the  apparatus  sliown  in  Fig.  48.  The  carbon 
dioxidc  is  deh nmned  as  in  the  previous  proress. 

Thís  method  is  capable  of  yielding  exeellent  results  provided 
the  flasks  ran  be  filled  as  above  desrribed,  Often,  however,  the 
spring  is  not  easilv  acressible,  so  that  the  flasks  inust  be  filled  by  a 


*The  additimi  of  ralríwn  chloride  serveš  to  deoOApOM  anv  alkali  ear- 
bonate.  This  is  nnt  quanlitii  l  i  wl  v  deoompoeed  I >v  lime  alone,  particularly 
when  magnesium  carbonate  is  present. 
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difTerent  method  and  Uflually  a  sinali  amount  of  carbonk  arid  is 
lost  during  the  operátům.    A  much  coore  expediUous  and  ftC0Urat6 

proceduře  which  ran  be  porínrmed  wit-hin  «mr  bouz  at  the  Bpring, 
consists  in  the  determmatinn  m|  |ba  tutal  amount  of  earhonir 
acid  present  in  minerál  waters  by  nieasuring  the  volume  of  the 
gas.* 

2.  Gas-volumetríc  Detcrmination  of  Carboiuc  Acid. 

(a)  Methoff  oj  O.  PdtoTO 
Tbia  excellent   method,  opon   which   the   twn  following  pro- 
cedures   are    based,  oonsfatfl    of    ovofoing    oatbon   dkwdda   front 
carbonates  by  the  action  of  acid,  oollfeetČQg  th<*  £as  over  mercury 


Fttl,  49. 

and  coraputing  its  wdght  froni  its  volume,     IVtterson's  apparatus 
ifaown  in  Fig.  40.  and  \vn&  us*'d  by  lihu  fur  the  detcrminatiím 
of  the  carbonic  wád   in  sea-water  (Skn-crrak),  in  carb<>nat<  S8,  an  I 
also  for  the  detennination  <if  earbnn  in  iron  and  steel     The  metl 


*  Cf .  thw  modified  met hc>d  on  p,  309 
t  Bericht*-. «»  msíK)),  p.  1402, 
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of  determining  the  carbonic  acid  in  a  water  oontaiming  sinali 
amounts  of  free  carbonic  acid  buf  eonsiderable  carbonate  will  sníti  ee 
to  show  how  the  apparatus  !s  ušed.  The  dcromposition-flask  K 
is  filled  with  dístilled  water  up  to  the  mark  just  below  the  sidr 
arm  (the  inark  is  not  shown  ín  the  íllustration).  By  weighing  the 
flask  both  eniptv  and  with  this  amoimt  of  water;  the  volume  of  the 
flask  when  hlled  to  the  mark  is  obtained,.  The  flask  is  now  filled 
up  to  this  mark  with  the  water  to  be  examined,  a  small  piece  of 
aluminium  wire  is  thrown  in,  and  the  flask  fa  connertcd  with  the 
rest  of  the  apparatus  as  shown  in  the  figuře,  All  of  the  ruhber 
tubing  should  be  firmly  fasteiied  to  the  glass  by  mcans-  of  wire. 
The  cocks  a,  bt  and  d  are  clo^-1  0  fa  upened,  and  the  air  ia  the 
measuring-tube  is  removed  by  raisiug  M  until  the  mereurv  r 
in  the  eapiliary  up  to  the  crossing  point.  After  this  c  is  dosed, 
a  is  opened,  M  is  brought  verv  low,  aíid  the  screw-eoek  d  is 
slowly  opened.  By  this  means  the  hydroctiiorie  acid  in  N  is  iniro- 
duced  into  the  flask  Kt  The  acid  is  allowed  to  run  into  the  flask 
nntil  the  upper  part  of  the  apparatus  is  reached,  when  tf  is  elosed 
and  then  a.  The  air  ín  the  measuring-tube  (whieh  does  nn\  Doa- 
tain  an  appreeiable  aniount  of  carbon  dtoxide)  is  renioved  by 
opening  c  and  raising  .1/,  after  which  cis  again  closed,  Nbwa  is 
once  more  opened,  M  ia  Inwered,  and  the  liquid  in  K  is  heated  by 
means  of  a  fláme. 

A  li  vel  v  evolution  of  gas  at  once  ensues.  As  soon  as  the  meas- 
uring-tube  is  almost  filled  with  the  gas,  a  is  closed,  the  fláme  is 
removed  from  A\  M  is  raised  until  the  utereury  within  il  síands 
level  with  that  in  the  measuring-tube,  and  its  positiOB  in  the  lat  Lor 
is  then  read.  At  the  samé  time  the  barometer  reading  must  be 
noted  as  well  as  the  temperature  of  the  cold  water  which  surroiinis 
the  measuring-tube.  After  this  b  is  opened  and  M  fa  raised. 
whereby  the  gas  passes  into  the  Orsat  tube  O  which  contains 
caustie  potash  solution  (1:2),  As  soon  as  the  mercury  hafl  reaehed 
the  juncture  of  the  horizontál  and  vertical  tubes,  b  is  closed  and 
the  gas  is  allowed  to  remani  in  the  Orsat  tube  for  three  minu 
The  unabeorbed  gas  is  míre  more  brought  loto  the  measiu 
tube,  takinií  care  that  nonc  of  the  caustie  potash  solution  comes 
with  it  (the  latter  should  not  quite  reaeh  the  Btop-coek  b).  After 
bringing  the  gas  once  more  to  the  atmospheric  pressure,  its  volume 
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as  weil  as  the  temperature  and  tíarometcr  reading  is  notcd.  As  a 
rule,  these  readíngs  of  the  barometer  and  thcrnn»meter  reinain 
eoQ8teot|  otherwisp  it  is  aecofleftry  to  reduce  the  gas  volunus  in 
t-ach  čase  to  0°  C.  and  Tlil ř  mni.  pressure.  The  difference  betweeD 
the  two  volumes  rcpresents  the  amount  of  the  carbonie  acid 
gas.     The  unabsurbr  removod   through  c  and  this   vvholc 

Operát  ion  of  collecting  the  gas  and  ahsnrbtng  the  carbon  dioxide 

-■peated  until  imaily  no  more  gas  is  given  off  from  the  Jiquid 
in  K. 

In  čase  it  is  desired  (o  determine  the  amount  of  carbonate  in 
a  BOlid  substance,  a  srnnller  decomposit ion-tla.sk  should  be  ušed. 
The  aluminium  uiiv  ífl  ftdded  to  the  ueighcd  substance  and  the 
apparatus  is  exhausted  by  repeattnllv  lowering  M>  closing  a, 
opening  c,  and  then  raising  A/.  Finally  the  acid  is  allowed  to 
act  upon  the  substance  and  the  determinatkm  is  carried  out  exactlv 
as  deseríbed  above. 

Cim/pukšfon  of  the  Armlifsis. — Let  us  assume  that  from  a 
gnis.  of  substance  V  c.c.  of  carbon  dioxíde  were  obtained,  which 
was  measured  moist  at  í°  CL  and  B.  mm.  pressure.  First  of  all 
the  volume  is  rcdueed  to  0°  C\  and  760  mm.  pressure  by  the 
fulbwing  formula: 

Y(B-^)  273 
"      7i>ní-::; 

In  this  formula,  iv  represents  the  tension  of  aqueous  vapor  ex- 
pressed  in  miliimeters  of  inercurw 

In  order  to  compute  the  weight  of  the  carbon  dioxide  from  this 
volume,  it  is  rudy  necessary  to  rememher  that  a  granvmoleculfl  of 
any  substance  in  the  gaseous  fonn  at  0°  (1  and  760  mm.  pressure 
oceupies  a  volume  of  22,391  c.c. 

In  this  čase  003  =  44  =  1  gm.  molecule  of  carbon  dioxide;  there- 
fóre 

22,391:44-7.:^ 


x,= 


and  in  percentage 


44 
22,391 


V* 


44 


x^,^,^ -0.1965^=  per  cent  CXV 
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Iv  mark.—The  addition  of  aluminium  is  absolutely  necessary. 
By  boiliog  an    acid  solution,  earbonic   acid  is   not  completely 


Fio.  5p. 

expelled;  this  is  only  effected  wben  a  different  gas  simultane- 
ously  passce  through  the  solution.     Formerly  it  was  i  u>t<>maiy 


GAS  KOLUMETRIC  DETERMJNATíON  OF  CAŘBONÍC  ACID.   305 

to  pasa  air  through  the  apparatus,  hut    PéttelKUJ   accompBahed 

the    Mme    purpose    by   generatiiig    hydrogen    within    tíie    Ikjuid 
itself. 

(b)  Meíhml  *>/  Lunge  and  Marchlew&kiJ* 

Lunge  and  Marchlewski  earry  out  the  determination  according 
kotbe  HtfKM  priiiciple  eua  that  of  tího  aU>ve  process;  i.e.t  by  Bfa&ul* 
t  MiH-oitslv  evolving  bydxogea  (alumínium  nd  hydroehJorie  acid), 
measuring  the  gas,  and  absorbing  the  carbon  diuxide  by  means  of 
OSU0&J  potftflh  in  an  Orsat  tube, 

The  apparatus  which  thev  recnmmend  ífl  shnwn  in  Ficr.  ;>0,  b* 
It  eonsists  of  the  40-c.c.  deeornpositirm-flask  N9  the  140-c.c. 
mrasuring-tube  a,  the  eompensation-tube  C,  and  the  leveíling- 
tube  B;  the  three  last  are  cormeeted  together  as  shown  in  the 
figura. 

In  the  oase  of  all  gas-vohimetric  methnds,  the  volume  of  the 
mcasured  gas  must  Ije  reduced  to  Oř  C  and  760  mm,  pressure, 
which  urdinarily  requires  a  knowledge  of  the  tempera  ture  and  the 
baroniptrií1  promne,    In  i  his  metfaod  the  reductioD  is  aceom- 

plished  without  paying  any  attention  to  the  aetual  mdlD0  of 
tlic  thertnometer  and  baroineter  by  means  of  the  nm  ipensation- 
tube  C,  whirh  eontahui  a  known  atnount  of  air,  viz,,  that  aniount 
of  air  whieh  in  a  drv  condition  a&sumes  a  volume  of  100  c.r%  at 
0°  C,  and  760  mnu  pressure.  If,  therefore,  this  aniount  of  air  has 
a  volume  of  V  at  t°  and  atmospheric  pressure  P*  (with  the  mer- 
cury  at  the  samé  level  in  B  and  O),  w^  know  that  this  volume  of 
any  gas  would  be  e*pial  to  100  c.c.  at  0°  C.  and  760  mm.  pressure. 
By  raising  the  levelling-tube  B  so  bigh  that  V*  cc  is  compressed  to 
100  e.c.,we  háve  aecomplished  the  reduetion  in  a  meehanical  wnv. 
Ift  however,  there  is  a  gas  volume  V"  in  the  measuring-tuhe  A 
uHdef  ttw  sazné  pressure  as  that  in  the  eomp  nsation-tube  (thi 
tli*-  oase  when  the  inercury  level  is  the  samé  in  A  and  O,  vrt  ran 
reduce  this  volume  to  the  standard  runditions  by  simply 
B  until  the  volume  of  the  gas  in  C  is  just  iOO  &.©,,  taking  care  that 
the  meretiry  remains  at  the  samé  height  in  the  tubtf  -l  and  C. 
The  volume  of  the  gas  V*  in  A  corresponds,  thereforr,  to  the  vol* 

*  Zeitechr.  f.  ungew.  Chem.,  1891,  p.  229. 
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ume  of  this  gas  at  0°  C.  and  760  mm.  pressure,  for  it  has  beeD  6020 
preSBed  to  the  sumě  degree  as  fcba  gBfl  in  C.     This  is  apparent  wlion 
we  remember  that  at  a  oonstant  temperature  the  product  of  the 
pressme  into  the  volume  remains  a  constant  for  any  gas. 

In  the  fnin|MMLsation-tube  we  háve  the  volume  T'  at  at: 
pheriu  pressure  P'f  and  aíter  eompression  the  volume  becomes 
IV  -  100  c.c.  and  the  pressure  is  PQ,  from  whieh  it  follows: 

In  the  measuring-tube  A,  we  háve  the  volume  V"  at  the  atmos- 
pherie  pressure  P',  and  after  eompression  this  volume  becomes 
IV'.  and  the  pressure  P0,  so  that 

2.  F"P'  =  VV'/V 
By  dividing  equation  1  by  equaťum  2  we  háve; 


oř 


and  IV  is,  therefore,  the  reduced  gas  volume  that  is  deslred. 

Before  using  the  apparatus  for  the  deterrniiiation,  it  is  necessarv 
to  fill  the  oompetusAtkm-tube  with  the  correct  amount  of  air;  this 

iccomplished  as  follows: 

First  of  all  a  ealeulation  is  made  to  de  termine  what  would  be 
the  volume  of  100  c.c.  of  dry  air  ineriMired  at  0°  C.  and  760  mm. 
pressure  when  measured  moist  at  the  temperature  of  the  laboratory 
and  the  prevailing  barometric  pressure.  To  iltustrate,  let  us 
assume 

Í*=17,5°G;  5^=731  mm.;    u?=14.9  (tension  of  aqueous  vapor), 

then 

v    IQOx  760  X  290,5 
273(731-14.9)  " 

Accordingly  112.9  c.e.  of  air  are  intmduced  into  the  tube 
0  by  removing  the  Btopper  and  lawaring  thfi  leveltin^-tube  until 
tlirMnrrriirv  in  the  eompeusation-tube  stands  at  exactly  112.9  c.c. 
A  drop  of  water  is  added  by  ineans  of  a  pipette,  the  tube  is  ini- 
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mediately  stoppered,  and  an  air-tight  seal  ii  nade  by  covering  the 
latter  with  mercury.  A  rubber  stopper  oontftJTling  a  glass  tube  is 
then  pressed  down  into  D.  After  this  the  temperature  and  pres- 
siire  may  vary  as  much  as  it  will ;  tlie  reduced  volume  of  the  air 
in  C  will  always  be  equal  to  100  iv\ 

Proceduře  for  the  Aiudysis. — About  0.08  gin.  of  aluminium  wire, 
i.e.ř  enough  to  furnish  ftpprarilXfc&tely  100  cx.  of  hydrogen,  13 
weighed  out  into  the  deconipnsiuon- 
ťiask.  Such  an  anunmt  of  the  substance 
to  be  anály  zed  10  ftddfed,  that  at  the 
most  30  c.c.  of  earbon  dioxide  will  be 
generated,  and  the  flask  is  connected 
with  the  funnel  tube  Mt  and  capillary  n. 
i  Kinrction  is  also  made  with  the  tul^eA 
after  it  has  beeii  completely  filled  with 
mercury  by  raising  J5.  The  air  from  A*  is 
now  exhausted  by  lowering  B,  openingA 
m>  thfrl  i  Se  oonoected  with  A,  then  Hus- 
ing  h  by  turning  it  90°,  an<l  carefully 
raising  B  until  the  mentory  stands  at 
an  equal  height  in  -4  and  B;  after  this 
A  is  turned  so  that  A  Ls  ootmeeted 
writh  the  capillary  d,  and  the  air  in 
A  is  expelled.  After  repeating  this 
process  three  or  four  tiines  until  finally 
only  two  oř  three  centinieters  of  air  re- 
main  in  A,  B  is  lowered,  the  hydro- 
chloric  arid  (1:3)  is  added  to  M,  h 
carefully  opened,  then  m  until  10  e.c. 
into  the  Hfi&k   N,   wfaefi   IN    is   once   more 


of 


the  acid  havc  run 
dosed.  The  oarbon 
<lii«\ide  evolution  bcgins  at  once  and  the  mercury  level  quiekly 
falls  in  *4,  The  contentfl  ol  the  ílask  are  heated  to  boilitig  over  a 
flatuc  and  kcpt  at  this  temperature  until  all  of  the  aluminium  has 
aolved.  During  the  whote  oparfttíooa  the  raereury  level  in  B 
niuat  lxj  krf>t  lower  than  that  in  A,  In  order  to  transfer  the  gas 
remaining  in  the  flask  Ar  into  the  tube  A,  M  is  filled  with  dltfllwj 
water,  m  is  slowly  opened  and  lbe  water  is  ftflow&d  to  run  into  X 
until  the  stop-cock  A  is  reached,  when  the  latter  is  immediately 
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closed,  The  ^as  is  then  compress*  <1  by  raisíng  the  tube  B  until 
the  mercury  stands  at  the  samé  height  iu  A  and  C  and  so  that  the 
level  in  the  latter  tube  is  exactly  at  the  100-f\c,  mark.  The  reduced 
volume  is  then  read.  After  this  the  eapillary  d  is  coiuu-rtrd 
with  au  Orsat  tube  filled  with  canstic  potash  (1:2)  (Fig.  51),  the 
in  A  is  dři  ven  over  into  the  latter,  allowed  to  sta:  id  fcfaero  far 
three  niinutes,  and  again  transferred  tu  \}  where  its  volume  at 
0°  0.  and  760  mm.  pressure  ifl  determiwnl  as  bcíore.  The  dmVrenee 
in  the  two  readhuzs  ropresrm>  the  volume  of  the  earbon  dioxide, 
and  the  per  cent.  ean  be  computed  according  to  the  forruula 

Fer  cent.  O  >.,     n  Miií.v  ]  , 
a 

in  which  V  is  the  amount  of  earbon  dioxide  absorbed  in  the  Orsat 
tube  and  a  represents  the  umanut  of  substance  taken  for  the 
anak 

Rcmark—  This  is  the  most  exaet  of  all  methods  for  the  deter- 
mination of  earbon  dioxide  in  solid  substances  and  is  ftOOOOO- 
plished  most  quickly*  It  is  particularly  to  be  reeommended 
where  earbon  dioxide  detcrininations  must  be  made  daily,  as,  far 
example,  in  cement  factories.  It  is  neeessary,  however,  to  test 
the  volume  of  the  gas  in  the  eonipensation-tube  froni  time  to  time 
IH  order  to  niake  sure  that  it  really  eorrespt r&dfl  to  HK)  e.e.  of  air 
untler  the  standard  eonditions  of  temperature  and  pressure. 

For  a  single  determination  the  author  prefers  to  dispense 
with  the  compensat  ion- tube.  In  this  čase,  however,  the  collected 
must  be  kept  surrounded  by  water  at  a  definite  temperature, 
as  in  the  Petterson  met  hod,  and  the  temperature  and  pressure 
must  be  observed,  It  is  also  well  to  mak'1  thrso  readings  in  the 
above-deseribed  proceduře,  in  order  to  t>e  sure  that  the  volume  in 
the  eompensat ion- tube  has  remained  eonstant. 

For  the  determination  of  earbon  dioxide  in  minerál  waters 
this  apparatus  is  not  strited;  for  this  purpose  the  author  has  modi- 
lied  the  Petterson  apparatus  as  shown  in  Fig.  52. 

(c)  The  Sfodifltd  Mvtkod  of  Petterson. 

For  deeomposition-llasks.  Krlenm^yers  of  from  70-200  e.e. 
capacity  are  ušed  (according  t<>  the  suppoeed  amount  of  carbonic 
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acid)  and  the  exact  capacity  of  eaefa  Baák  u  etehed  upon  it.  To 
determine  this,  each  flask  is  pruvided  with  a  tightly-littin^  stopper 
of  gray  (not  reci)  rubber  rontnining  orte  hole,  through  which  tlie 
small  tube  R  m  introduoed  The  Lmttom  of  R  is  fused  together, 
but  near  the  bottom  a  línali  npening  is  blown. 


The  tube  R  is  ehoved  into  the  rtopper  until  the  small  opening 
can  be  secn  just  below  the  bot  trnu  oí  tlie  rubber  stopper,  aiui  the 
latter  is  pressed  as  far  as  possihle  into  the  Eriennieyer  flask  full  of 
water.  By  this  mcans  somc  of  the  water  passes  from  the  tiask 
into  tlít-  tube  fí.  The  latter  is  then  raised  as  is  shown  in  Fig. 
52,  bf  and  in  this  unv  an  air-tight  seal  is  made, 

The  water  in  R  is  now  removed  by  fiiter-paper  and  the  flask 
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tad  cqate&tfl  weighed  to  the  nearest  ccntigram.  By  deducting 
frurn  this,  the  Wttght  of  the  empty  flask  together  with  the  rabber 
stopper  and  /?,  the  weight  of  the  water,  Le.  the  volume  of  the 
flask,  is  obtained.  By  means  of  a  pieee  of  gummed  páper  fast- 
ened  to  the  flask,  the  posiťion  of  the  lower  edge  of  the  rubbei 
Btoppec  is  noted.  The  flask  is  eniptied,  dried,  and  the  neck  of  the 
flask  as  well  as  the  páper  strip  is  covered  with  i  thin  cnating  <»f 
wax.  Along  the  edge  of  the  páper  where  the  bottom  oť  the  rubber 
stopper  eame  on  the  flask,  a  sharp  line  is  eut  in  the  wax  by  nieans 
of  a  knife  and  the  capaeity  is  written  upon  the  wax  with  a 
pointed  filé.  These  lineš  aiv  etehed  upon  the  flask  by  exposing 
thcm  to  the  action  of  Imlrnrluurie  aeid  for  two  minu  tes.  The 
cxress  of  the  latter  is  then  washed  off,  the  flask  dried,  and  the  wax 
metted  and  wiped  off  with  filter-papcr.  The  flask  is  now  ready  to 
be  ušed  for  the  analysis. 

About  0,08  gni.  of  aluminium  is  placed  in  the  flask,  which  is 
then  filled  bytlipping  into  the  spring.  When  this  is  not  possible, 
a  plene  of  rubber  tubing  is  placed  in  the  bot  tle  eoiitaiinu^  the 
water  to  be  anály Bed  s<>  that  it  reaehes  to  the  bottom  and  the  waier 
is  síphoned  off  into  the  flask  for  tVO  OT  three  minutes.  After  this 
the  filled  flask  is  dosed  by  the  rubber  stopper  with  the  tube  R  B0 
that  the  bottom  of  the  stopper  reaehes  just  to  the  rnark  agaim 
The  tube  Ě  is  raised  (Fig.  52 1  i)  and  the  spring- water  within  tím 
tube  is  washed  oni  by  a  Btream  of  water  from  a  wash-hottle, 
The  flask  is  then  conneeted  with  the  bulb-tube  P  (of  about  40  c,c. 
capaeity),  whieh  in  turu  is  coxmeeted  with  the  measuring-tube  B. 
The  latter  is  placed  in  a  eondenser  thrOUgh  which  a  stream  of  nrili- 
nary  water  constantíy  flows.  The  reservoir  N*  is  now  enrmerted 
With  the  flask  as  shown  in  the  figuře  and  the  serew-cock  H  is 
dosed.    All  rubber  connectiora  must  Ivetightly  fasteaed  with  wire, 

The  bulb  P  is  exhausird  bý  lowering  N  mi  that  the  air  pftflpce 
into  B,  from  whence  ít  is  ilriven  into  the  Orsat  tube  O  by  turning 
the  stop-eoek  M  and  r&isang  N.  This  operát  ion  ifl  repeated  four 
times.  The  air  is  then  removed  from  the  Orsat  tube  by  metlou 
tlirough  the  right-hand  capi II ary  and  the  stup-coek  is  changed  to 
i\<  originál  poaition  as  shown  tu  the  figuře. 

The  tube  R  is  now  pressed  into  the  flask  so  that  the  smál! 
opening  reaehes  below  the  lower  surface  of  the  stopper* 
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Usually  carbon  dioxidcis  immediately  evolvcd  and  the  mereury 
in  B  at  once  begins  to  siiik  slowlw  The  evolution  of  the  gas  is 
hastened  by  geiitly  heatÍDg  the  contents  of  the  flask.  As  soon  as 
tlio  measuring-tuhe  is  almosi  entirely  filletl  with  gas,  the  fláme 
is  removed,  M  is  closed,  and  the  contents  of  B  are  brought  undcr 
atiuospherie  pressute  by  raising  N  until  the  mereury  in  the  tWO 
tuba  is  at  the  samé  hcight,  after  which  its  positkm  in  B  is  noted. 
The  tempcrature  of  the  vater  surrounding  B  is  taken,  the  barometer 

-  -ad*  and  the  gas  is  driven  OTCI  into  theOrsat  tube  and  allouvd 
ti*  remain  there.  This  hoiling,  nieasuring.  and  driving  over  of 
the  gas  is  rcpeated  until  only  a  slight  gas  evolution  ran  be  made 
to  také  pláce.  In  this  way  all  the  free  carbon  dioxide  and  a  part 
of  that  present  as  bicarbonate  is  driven  off,  while  that  prowal 
normál  rarbonate  together  with  the  rest  of  the  bicarbonate  renmins 
in  the  flask;  the  liquid  ID  the  lalter  ifl  usually  turhid  at  thifi  point 
owíng  to  the  precipitation  of  alkaline-carth  earbonatcs.  The 
reservoir  N'  is  now  filletl  with  hydrochlorir  acid  (1:2)  and  the 
air  renioved  from  the  rubbcr  tubing  by  raising  N*  high  and  pinch- 
ing  the  tubing  with  the  fingers.  The  levelling-tube  N  ifl  placed  in 
a  low  position,  //  is  opened,  and  a  small  amnunt  of  acid  is  allowed 
to  run  intn  A',  after  which  //  is  again  rlnsed.     Afl  SCN30  afl  t  Ku >  acid 

ches  the  eontonts  of  A*,  a  li  vely  evolution  of  carbon  dioxide 

les,  which  is  afterward  hasteurd  by  gen  tle  warming,  When 
the  measuring-tube  B  is  nearly  filled,  its  contents  are  read  and 
driven  over  into  the  Orsat  tube  ifl  before.  The  addition  of  the 
acid,  etc,  is  repeated  until  finally  the  liquid  in  A'  clears  up  and 
the  aluminium  hoglTtfl  fco  cvolvo  a  fltBfldy  wtmwm  of  hydrogen,  when 
the  eontents  of  the  flask  are  heated  to  boilíng;  but  care  is  taken  that 
none  of  the  liquid  in  the  flask  is  carried  over  with  the  escaping 
gas.  As  soon  as  the  aluminium  has  completely  dissolvedj  N  is 
lowered,  //  is  opened,  so  that  the  fla.sk  is  filled  with  the  hydrochlnric 
acid  solution  and  the  last  portions  of  the  gas  are  carried  over 
into  the  čneasuring-tube  B.     As  soon  tes  the  nt*i<l   has   reached 

the  Stop-COCk  Hf,  this  is  dosed,  and  after  reading  the  volume  of 
the  gas  as  before  it  is  led  into  the  Orsat  tube,     After  remaining 

*  If  this  íimilysís  h  made  at  the  spring,  it  is  neeessary  to  háve  a  sensitiv© 
anermd  barometer  at  haml. 
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there  three  mi  nu  tes  the  unabsorbed  gas  is  once  niore  transferrod 
to  S  and  itfl  volume  subtraeted  from  the  total  amonní  of  gas  whieh 
has  been  expelled  from  the  water  lhát  was  anály  zed.  This  differ- 
ence  roproacata  the  volume  oí  the  caiboo  dioxide  gas.  By  n»r- 
reetly  adjustirig  the  current  of  water  fiowing  through  the  rondensíT, 
the  temperature  at  whieh  lbe  gas  is  measured  will  remain  constant 
tluring  the  entire  experiment. 

Krom  the  volume  of  the  absorbed  carbon  dioxide  the  per  cent. 
present  is  computed  as  was  shown  under  the  Petterson  method. 

Bá  niark. — By  this  method  the  author  has  determined  success- 
fully  at  the  spring  the  anumnt  of  carbonate in  a  great  many  of  thr 
mo»t  impnrtam  watera  of  Bwitserkiid.  For  a  single  detenninatíos 
more  than  one  hour  is  seJdom  required.  The  apparatus  *  can 
be  readily  transportech  The  author  has  travelled  with  an  outfit 
during  the  last  six  years  over  the  highest  mmmt.ain  passes  undrr 
itiaiiy  disadvantages  of  weather,  both  in  winter  and  summer, 
withoiit  its  meeting  with  any  aecidenL  In  order  to  maintain 
tlie  tube  N  at  any  desired  height  ít  is  well  to  fasten  it  to  a  ring- 
stand. 

Determination  of  Carbonic  Acid  in  the  Air* 
See  Part  II,  Acidimetry. 


Determination  of  Carbonic  Acid  in  the  Presence  of  Other 
Volatile  Substances. 

(a)  iMermimUion  oj  i "nrhtmic  Acid  in  the  Presence  of  Chlorine. 

If  it  Ifl  desired  to  dětem  u  ne  the  amount  of  carbonate  present 
in  commereial  ehloride  of  Ume,  chlorine  will  be  evolved  with  the 
e&rbonic  acid  on  treatment  of  the  solid  substance  with  hvdroehlorie 
a< -iil.  BO  that  neither  the  díreet  nor  the  indirect  method  will  give 
eorrect  results.  The  determination  can  easily  be  effected  by  the 
f o  Dowing  p roced ure : 

The  chloride  of  lime  is  deeomposed  with  hydrochlorie  acid  and 
the  gases  evolved  (CÍVfCl,)  sed  mto  au  ammooiaea]  solu- 


*  It  čivu  be  pUfohaaed  from  Bender  and  Ilobein  of  Zurich. 
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lion  contaming  caleiuni  chloride.*  After  štanding  several  hOttflB 
111  a  warm  pláce,  the  precipitate  ift  filtered  ofT  quiekly,  WBflhed  \\  i t  li 
Vniter,  and  the  earbonate  delenninod  in  the  preeipitated  ealcium 
earbonate  by  one  OÍ  the  usual  methods. 

Iťmark. — On  conduetiiig  the  niixture  of  chlorine  and  carbon 
dioxide  into  the  ammoniaeal  solutíon  of  ealcium  chloride,  the 
chlorine  is  changed  into  ammonium  chloride  with  evoluúm  QÍ 
nitrogen : 

1\I[34*3C1=3NH4C1+N, 

while  the  carbon  dioxide  is  absorbed  by  the  ammonia  forming 
amni  oniu  m  c  a  r  bo  n  a  fce,  and  the  1  a  1 1  e  r  18  p  rec  i  pi  ta  tet  1  I  >  v  the  ca  1  c  i  u  1  n 
chloride  as  ealcium  earbonate. 

(b)    Dťttrmirtattťrt    oj   Cartofl    Btoxide    in    the   Presence  of  Alkaíi 
Sui pit itíis,  SuiphiteSj  or  Thíomlphohs. 

The  sólu  tion  to  be  anály  zed  is  treated  with  an  excess  of  a  solu- 
tbn  of  hydrogen  peroxide  contaiiiiug  potasstum  hydroxide,  but 
free  froni  carbonatc.  It  m  heated  to  boiling  to  destroy  the  excess 
of  the  hydrogen  peroxide,  concentrated,  and  the  earbonate  deter- 
mined  preferably  by  Hh    Kresenius-Classen  method  (p.  297), 

DETERM1NATI0IT   OF  CARBON. 

(1)  In  Iron  and  Stirl. 

(2)  In  Qrganic  Compounds* 

(I)    UKTKltMINATION    Ol  CARBON   IN   IRON   AND  STEEL.    ! 

Carbon  cxists  in  two  fnrms  in  iron  and  steel:f 

(a)  As  Carbide  Cfl fbi * n ■ 

(b)  As  Graphiít\ 

On  treating  an  iron  enntaimng  carbide  carbon  with  dilute  hydro- 
chloric  or  sulphuric  acid,  only  a  part  of  it  is  evolved  in  the  fonn  OÍ 


*  One  part  of  cryatallized  e&Iťiuin  chloffch  w  dwsolved  in  five  parts  of 
flratert  ten  parto  of  nmrnotiia  (sp.  gr.  0,96)  are  adcled,  and  the  mixture  aMowed 
to  stand  at  \vast  four  weeka  befo?«  using. 

tHardeniijjí  Carbon  nnú  Gmphttk  Temper  Carbon  háve  also  been  recog- 
nized  as  defiaite  forms, — [Transiator*] 
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characteristic  smelling  hydroearbons.  Thia  carbon  is  called  by 
Ledebur*  "hardening  carbon"  to  distinguLsh  it  írom  *4<»rdínary 
carbidr  carbcm"  which  ifl  loťt  behincl  as  a  brown  or  grsy  mass  when 
the  iron  is  treated  with  dilute  hvdioehlnric  oř  sulphnrie  acid;  but 
on  boiliog  with  Btrong  hydíoehloric  acid  the  latter  is  also  changed 
Id  volatík  hydrocarbons, 

Graphite  is  unattacked  by  acidfi  under  all  circumstances, 
In  the  analysis  of  iron  and  stce]  it  is  eustnmary  to  deterntine 
direetly  the  total  carbon  and  the  graphite,  in  which  čase  the  differ- 
ence  represents  the  carbide  carbon. 

Betermination  of  Total  Carbon. 

Principle. — The  oarbon  m  nxidized  to  carbon  dioxide,  and  the 
latter  ífl  rit  her  absorbed  in  a  suitable  apparatus  or  its  volume 
is  measured. 

For  the  oxidation  of  the  carbon  a  great  many  methods  háve 
been  proposed;  they  can  be  rlumífiml  as  folio ws: 

(a)  Those  in  which  the  greater  part  of  the  iron  is  removed, 
and  the  rcsidue  subjected  to  combustion. 

(£)  Those  in  which  the  oxidation  is  effected  with  the  un- 
changed  substance  itself. 

Preparation  of  a  Residiw  Rich  in  Carhon. 

This  can  be  aecomplished  both  in  the  wet  and  dry  ways.  The 
best  dry  method  is  prohably  that  of  Wohler,  and  consists  of  heating 
in  a  current  of  chlorine  whereby  the  iron  is  volati lized  as  ferric 
chloride  and  the  carbon,  together  with  the  nxides  and  manganous 
chloride,  remains  behind.  Tllis  cxcecdingly  an-urate  method  can 
be  carried  out  verv  quiekly,  lmt  poflPOBOCO  the  disadvantage  that 
it  is  diffieult  to  prapan  absnlutcly  pure  chlorine  gas.  Tf  the  latter 
contains  traces  of  mo  i  stu  re,  oxygen^  carbon  dioxide,  oř  hydrochloric 

d,  low  results  will  always  be  obtained,  because  in  iha*  tart 

of  the  carbon  will  escape  either  as  carbon  dioxide  or  as  hydro- 
caibon. 

The  concentration,  therefore,  can  be  effected  with  greater 
safety  in  the  wet  way,  and  in  this  čase  the  |*>tassium-eupric 
chloride  method  proposed  by  Richter  is  the  EttOSl  WltísfactOiy, 

*  Stah!  und  Eíeen,  1888,  p.  7-12. 
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Fn>m  0.5-5  gms.  of  the  metal  borings  (according  to  the  amount 
of  carbon  prosen  t)  aftrr  being  waslicd  with  ether  (sec  fuňt-notr  to 
pagc  178)  'are  weighed  out  into  a  300-400-c.c.  beaker  and  BOYOTed 
with  a  solution  of  potassium-cupric  chloride,*  50  c.c.  being  ušed 
for  each  gram  of  the  iron.  The  solution  is  well  stirred  and  ftUowed 
to  stand  overnight. 

The  folio  wing  reactions  také  pláce: 

Fe+CuCl1-Feat+Ou 
2Cu  +  2CuCl,-2CuaCl1. 

The  presence  of  pntassium  chloride  aids  the  solution  of  the 
copper,  probably  on  account  of  the  forrnation  of  a  double  salt. 
The  more  the  liquid  is  stirred,  the  more  rapid  will  be  the  solutinn 
of  the  iron  and  precipitated  copper;  whea  possible  a  mcchani<  A 
stirrer  should  be  employed.  Warraing  the  solution  also  hclps,  but 
it  should  nevěr  be  heated  higher  than  60°  to  70°  C.  Whcn  the 
action  is  complete,  the  residue  is  filtered  off  through  an  asbestos 
filtertt  washed  with  dilute  hydrochloric  acid  (sp.  gr.  1.1}  until  all 
color  has  disappeared  from  the  washingi,  theu  with  water  until 
ífve  frtmi  acid.  The  residue  contains  all  of  the  carbon  and  is 
treated  as  described  on  page  316  et  seq. 

Remark. — Besides  the  aboviMuentiuhed  methods  for  cus- 
tration  of  the  carbon  a  great  many  others  háve  been  recom- 
rnended.  Ullgren  ušed  copper  sulphate  solution,  IVrzolius 
cupric  chloride.  The  latter  solutions,  however,  require  the 
expenditure  of  more  time  and  in  the  anály  sis  of  "spicgeleisen" 
and  ferromanganese  the  results  obtained  are  too  low  beeause 
a  perccptible  amount  of  hydrocarbon  (the  odor  can  be  detected) 

*  Potas&ium  chloride  and  cryatallizcd  cupric  chloride  (CuC]s-2H?Oh  in 
quantities  proportional  to  their  molecular  WBfgtltt,  RIG  Uissolved  in  waťer  and 
the  double  salt  atlowed  to  gytaHhM  HOt  300  gms,  of  the  lattď  are  dis- 
solved  in  OM  liter  oí  water,  and  7  5  C.C  of  hydrochloric  acid  (sp*  gr.  L20) 
are  added.  The  solution  is  filtered  through  ignited  asbestos,  Fonnerly 
ammonium.  chloride  was  ušed  iustead  of  potassium  chloride*  It  is  a  hctí.er 
solvent,  but  alraost  always  contams  carbonaceous  matter. — [Translator.] 

t  Since  Bflbetloa  oíten  Mfttafatf  fluorine  and  earbonaceous  matti-r  it 
should  ahvays  be  heated  prrvimisly  in  a  inoisí  riirrmt,  *»f  :iir.  For  this  pur- 
pose  a  eombiiation-tube  is  filled  with  asbestos  and  ignited  in  a  currcnt  of  air 
which  has  passed  through  a  wash-bottlt*  eoutaiiiiug  water.  The  heating  tg 
ciiiitinued  until  the  moisture  collecting  in  the  front  of  the  tube  no  longeř 
reactb  acid* 
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is  lost.     La  the  analysis  of  ordinarv  forma  of  iron  and  steei,  how- 
ever,  this  loss  is  so  small  that  ií  ean  ba  Qegfetitftd* 

A  much  more  rapid  and  equally  aeeurate  Doethod  for  the  deter- 
miruitiuti  uf  the  lota!  carhon  mnsisis  of  the  direct  conibustion  of 
the  bnrings.  This  can  také  pláce,  again,  eitlier  in  the  wet  oř  in 
the  drv  way, 

Conibustion  of  Carbon  in  the  Wet  Way  and  Gravimetric  Deter- 
m  i  na  t  ion  of  the  Carbon  D  i  oxide. 
\  —  If  carbon,   even  when  in  the  forni  of  ^raphite,  is 

he&tod  with  ehr«»miimi  tríoxide  and   Btrong  sulphurie  acid,  it  is 
quanti  tatí  vely  oxidízed  to  curbnii  dioxide, 

3C  +  4Cr<  >3  +  fil  I..SO,  -  2(  ^(SOJ,  +  61 U  >  4-  3CX  ^ 
and  the  latter  can  be  coQoetftd  in  a  suitable  apparatus  and  deter- 
mined. 

If  the  carbonaeeous  residue  obtained  after  treatment  of  the 
meta!  with  potaflarom-cuprio  chloride  is  oxidized  in  this  way, 
correct  reSllhfl  \\'ú\  be  obtained,  but  not  when  the  imu  itself  is  sub- 
jected  to  the  treatment.  In  the  latter  Cáae,  ta  špite  crf  the  pres- 
ence of  a  iarge  exoeos  cl  the  chromím  n  trioxide,  nmre  or  Icsb  hydro* 
carbon  is  formed  (accordinp  to  the  iiature  of  the  iron  Oř  steel)  and 
this  carbon  eecapOB*  tfae  determination.  In  order  to  deterniine 
the  carbon  that  wouhl  be  lost  in  this  way,  Sarnstrutn  f  leads  the 
gas  through  a  combustion-tube  80  Ota.  bfig  tilled  with  copper 
oxide.  The  oontenta  of  the  tube  are  beated  to  glowing  in  a  small 
combuatíon*furnaúe  and  after  the  gaaee  háve  ptoned  through  the 
tube  they  are  ooUected  in  the  absorption  vesael.  Many  experi- 
tnenta  háve  ahown  that  the  modification  of  Sfinwtrorn  \act 

results,  but    the  apparatus  is  awkwurd  mt  ftOGOUBl   of    the    com- 
bnstion-furnaee  required. 

Corleisi  has  roade  the  method  tnuch  simpler.  He  shrnu  d 
that  by  coating  the  sample  with  oopper,  the  evolution  of  Imlro- 

caxboilfi  was  so  much  l:\ssened  that  even  in  the  analysis  of  ferro* 

♦Stali!  mul  Eiaen,  L894,  p.  531.     With  ferromangafceec  the  Iom  nmounts 
to  22  5  per  cent.  of  the  total  carboti,   ivilh   steel  '.i   per  cent.     With   ferro* 
DUffiganeje  the  escaping  game  enutain.  borfdOB  CElboil  dkaridfl  and  tracea  of 
y  hydrocasboos,  I  3  per  cent.  methane,  76  per  cent.  Iiydrogen,  3  per  cent* 
oxygen,  and  2  per  eent.  carbon  monosdde. 
tnd  Hůttenm,  Ztg,,  44,  p 
}  Stáhl  umí  Ki^n.  lvu,  p.  58] 
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maniia ni  ><-  it  wa>,  only  nrccssarv  to  pan  the  evolved  gases  through 
a  short  tube  containing  mpper  oxide,  while  it  \\n<  suffleieni  to  heat 
the  Dontenti  of  the  tuba  over  a  sinale  Bunsen  burner.  Iři  lbe 
anahrsis  of  steel  it  is  BV6Q  possible  to  do  away  with  the  tube,  for 
not  more  than  1  or  2  per  cent.  of  the  total  amount  of  a  carbon 
will  then  escape  determination. 

Apparatus  for  the  Combustion  of  Carbon  in  the  Wet  Way, 
The  apparatus  oeoeea&ry  for  this  determinatkm  is  áhowD  In 
Fig.  48,  page  298,  with  the  differenoe  that  in  this  oaae  the  deooni- 
fnisition-ftask  takés  the  forru  shown  in  Kílí.  83,  while  betwem  the 
děli  verv- ti  ibe  and  the  first  U  tube  fa  inserted  a  tube  10  cm,  long 
inade  of difficuJtly  fusible  glftSfl  and  QOUtaitlillg  áoppei  <>xíde.     The 

deoompofiition*flaak  has  a  eap&city  <>f  about  ooo  c.c,  The  lower 
end  of  the  condenser  (a)  ts  grotind  ofif  and  Itent  so  that  it  touchea 
the  long  funnel-tube.  By  this  rneans  the  condensed  water  d«>cs 
not  drop  periodically  Into  the  hol  liquid  beíow,  thus  generutiug 
vapor  so  suddenly  that  the  gas  is  driven  too  quieklv  through  tht- 
absorption-Uihes,  bul  H  nms  in  a  strady  streaiu  baek  inlo  the  flask. 
ln  t ho  drawing  the  flask  ís  pro  vid  ed  with  a  douhle-boral  rubber 
stopper.  For  this  purpose  mie  of  soft 
rubber  must  be  ušed,  for  with  a  haní, 
cracketl  stopper  partička  are  likelv  to 
drop  oflf  into  the  oxidizing  Ikpúd  and 
there  auffer  mmbnstíon.  It  id  bettei 
not  to  use  a  nibbef  stopper  at  all,  bot  to 
háve  between  the  Baak  and  the  C0H- 
deuser  a  groinid-glass  conneetioiu* 

fíragcnt&.—i.  A  saturated  eohition  of 
ordinary    chromic    actd    containing    some 

sulphate.  It  is  not  advisable  to  use 
ahemieaUy-pure  chromic  acid  for  this  pur- 
pose, for  the  latter  often  contaius  organic 
gubstances, 

2.  A  síilution  of  copper  sulphate  made 
by  diasolving  200  gma.  of  the  salt  in  1 
Bter  of  water. 


Fw.  53. 


*  The  fliisks  reeorameaded  by  Corleb,  in  which  the  coudeuser  Ls  within 
the  flask.  are  exeellent. 
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Proceduře. — First  of  all  the  decomposition-flask  fa  partly  řilled 
with  25  c.c.  of  the  chromic  acid  solution,  160  c.c.  of  tlie  eopper 
sulphate  solution,  and  200  c.e.  of  concentratcd  sulphuric  acid;*  the 
mixture  is  heated  to  boifing  and  kept  at  this  tempcrauire  fór  Um 
minutes.  The  fláme  fa  then  removed  Bud  a  current  of  air  free  from 
carbon  diox  id  e  fa  passed  through  the  apparatus  for  ten  minutes  (at 
the  ratč  of  about  six  bubbles  per  Beeond),  It  fa  then  connected 
with  the  red-hot  copper  oxide  tulte  tuul  with  the  0  tubes,  t  while 
the  current  of  air  is  continued  for  five  minutes  more.  The  soda- 
linie  tubes  are  removed.  dosed,  and  allowed  to  stand  ten  minutes  in 
the  balance  room.  They  are  opened  fora  moment,  quickJy  c]osedf 
mbbed  off  with  a  piece  of  chamoús  skin  o?  a  clean  lineu  cloth, 
allowed  to  stand  five  minutes  in  the  1  t&laxu  e-case,  and  then  weighed. 

By  mcans  of  this  prelirainary  boiling,  traces  of  orgatiic  matter 
contained  in  the  apparatus  are  removed. 

After  weighing  the  soda-lime  tubes,  they  are  connected  with 
the  apparatus  again,  the  decomposition-fíask  is  opened,  and  the 
weighed  substance  (from  0.5  to  5  gms.  according  to  the  aninunt  of 
carbon  present)  is  introduced  through  a  wide  funnel  into  the  warm 
solution.  The  flask  is  inmiediately  dosed  and  the  copper  oxide 
tube  heated  to  glowingt|  after  which  the  contents  of  the  na.sk  are 
slowly  heated  so  that  after  from  15-20  minutes  the  liquid  begins  to 
b  IL  The  solution  is  kept  boiling  for  one  oř  two  hours  while  a  slow 
current.  of  air  is  condueted  through  the  apparatus.  The  flanie 
is  then  removed,  and  about  two  íiters  more  of  air  are  passed 
through  the  apparatus,  when  the  soda-lime  tubes  are  removed  and 
subsequently  weighed. 

Since  the  use  of  the  copper  sulphate  solution  pře  ven  ts  the  loss 
of  more  than  about  2  per  cent.  of  the  total  amount  of  carbon  pres- 

*  For  the  rotnrutstion  of  the  residue  obtained  after  treatment  with  potaš- 
shim-cupric  chloride,  6  O*©*  of  chromic  and  60  c.c.  of  sulphuric  acid  (sp.  gr. 
1.71)  saturatvd  with  chromic  acid  are  ušed.  The  whole  filter  with  precipítfttC 
is  plaecd  in  the  flank.  It  is  well,  bowevw,  tu  push  the  asl>esto8  out  of  the 
funnel  in  ordcr  to  inake  šutre  (bal  it  all  comes  in  contact  with  the  solution. 

fOorkfifl  ušed  phosphorus  pentoxide  for  a  drying  agent,  but  caldnni 
chloride  U  Mitísfactory. 

X  It  is  well  to  pince  a  small  tubet  10  cm.  long,  contaniing  solid  ehromiu m 
trioxide,  between  the  flask  and  the  copper  oxide  tube  in  order  to  remove 
traces  of  SO*. 
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ent,  it  is  evident  tliat  fche  combustion-tube  ean  be  dispensed  witli 
for  technkal  purposes, 

Combustion  of  Carbon  in  the  Wet  Way  and  Measuring  the 
Volume  of  the  Carbon  Dioxide. 

This  operation  is  best  carried  out  by  means  of  the  Lunge- 
Marchlewski  met  hod. 

The  apparatus  necessary  is  shown  in  Fig.  50,  In  this  čase, 
however,  the  decomposition -flask  is  larger  and  there  should  be 
a  ground-glass  eonnection  between  the  flask  and  a  cond&Dflgr, 
Furthermore,  a  funnel-tube  is  fused  into  the  neck  of  the  flask , 
and  runs  along  the  side  of  the  flask  on  the  inskle  ending  in  a 
quite  fine  point  near  its  bot  tom.  The  npper  end  of  the  coiidenser  is 
co:inected  with  the  measuring-tube  by  means  of  a  capillary  tube 
ibout  36  cm.  long,  ground  to  fit  the  rondenser-tube. 

Ravjfttts. — I.  A  saturated,  neutral  sokition  of  copper  sulphate. 

2.  A  chnmiic  acid  sohition  (100  gms.  CrOs  in  100  c.c,  of  water). 

3.  Sulphurie  acid  of  specific  gravity  1.65  and  saturated  with 
chrom  ic  acid. 

4.  Sulphurie  acid  of  speciíic  gravity  1.71,  also  saturated  with 
ťhromic  acid, 

5.  Pure  sulphurie  acid  of  speeific  granty  1.10. 
&  Cniumercial  hydrogen  peroxide  solution. 

Proceduře, — The  amount  of  iron  or  steel  to  be  weighed  out 
and  the  necessary  quantities  of  the  reagents  are  shown  in  the 
followin£  table: 


PerOnt.C. 

Weigh 

Copper 
Bulpb*t« 

SiillKiniÉ 

Chrom  ic 

Acid 
BoJutfaA. 

e.c 
Acid 

l.ftS. 

Acid 

Bp    Gl 

1  71 

co. 

Acid 

Bn.  Gr. 

1  LQ. 

c.c. 
HaO,. 

Over  1.5 

D. 4=0.5 

5 

5 

135 

30 

1 

Q    ft-l.< 

1 

10 

10 

130 

25 

2 

0 .5-0.8 

2 

20 

20 

130 

5 

o 

0.25-0.5 

3 

50 

45 

75 

5 

2 

Less  than  0 .  25 

5 

50 

50 

70 

5 

o 

The  substance  is  treated  with  the  copper  sulphate  sotation  in 
thfl  deconiposition-flask  at  the  ordinary  temperature.  Malleable 
iron  is  allowed  to  Btaild  for  at  least  one  hour,  while  pig  iron  re- 
quires  at  least  six  hours.     The  flask  h  then  connected  with  the 
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meaBurmg-tube,  which  ís  fiUed  with  moreury.  and  the  air  in  the 
fl&sk  is  Ěxhaueted  oe  was  deeerihed  on  p.  307.  After  this  is  ac- 
complkhed,  the  lovelling-tube  is  plaoed  to  a  lovv  postatou  and  the 
proper  wnount  of  the  ehromic  acíd  solutkm  is  added  througfa  the 
ťunneb  followed  first  by  the  proper  fttnount  of  the  st  magor  acíd  and 
then  by  that  of  the  weuker  ftrid,  after  which  the  Btop-COQk  in  the 
ťiuinel  fa  quieklv  eloeedL  lile  mtimHuiieution  botwecn  the  EQ&áfr- 
u  ring- tube  and  the  fl^isk  rrrnahis  opetk,  With  the  Levelling-tube 
remaining  ín  its  low  positinn,  the  contents  of  the  Bftds  are  hrated 
to  gentle  boiling,  which  is  eontinued  for  one  hour,  and  the  Hatne 
is  tlien  remoyad.  Now,  ín  order  to  ranové  the  iaet  tneen  of 
carbnii  dioxide  from  the  solution,  the  prcscribed  atuount  of  hydro- 
gen  peroxide  is  ftďded  to  the  contents  of  the  flask  and  the  řlask 
is  aftenvards  completely  filled  with  bot  water  mitil  all  of  the  gas  is 
driven  over  into  the  ni«  aHiring-tube.  *  The  stop-cock  6  is  then 
closed,  the  gas  is  reduced  fco  the  volume  corresponding  to  0°  C. 
and  760  mm*  pressure  as  described  on  p.  305  and  this  volume 
read.  It  is  then  driven  over  into  the  Orsat  tube- and  the  volume 
of  the  unabsorbed  gas  is  deterrnined  as  before.  The  differenee 
between  the  two  readings  representl  the  amount  of  carbon  dioxide 
measured  under  the  standard  conditions  of  temperature  and 
pressure.  If  this  is  multiplied  by  the  factor  0.000536  the  amoimt 
of  carbon  present  will  be  obtained, 

After  the  analysis  has  been  conipleted,  a  blank  detemiination 
rnust  be  made,  using  the  samé  amounts  of  each  reagent,  in  onler 
tn  determine  small  amounts  of  organie  mattcr  whirh  are  invariably 
prOMnt  in  thein.  The  aniount  of  carbon  dioxide  found  under 
these  conditions  must  be  subtracted  from  that  obtained  in  the 
analysis  proper. 

Method  ůf  Hempel* 

Hempel  objects  to  the  lbové  proceduře  on  the  ground  that  by 
dissolving  the  iron  in  the  mix  ture  of  ehromic  and  sulphuric  acidfl 
some  hydrocarbon  is  likely  t«>  escape  oxidation,     He  found  that 

fissnlvuig  iron  in  chroinio-sulphuric  acid  under  diminisbed  pres- 
sure  in  the  presence  of  rnercury  all  of  the  carboo  would  be  readily 
oxidized  to  its  dioxide,     Fig.  54  represents  the  apparatus  ušed. 


♦  Verhaudlg,  &  Vereins  z.  Befiml  d.  Gewerbefleiaaes,  1893. 
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Reagcnts  Rcquired. 

1.  Chroniic  acid  solution.  100  gms,  of  chroinic  acid  are  dis* 
solved  i n  300  c.c.  of  water  and 
30  gms.  of  sulphurie  acid,  sp.  gr, 
1.704,  are  added.  The  resulting 
solution  has  a  speeific  gravity  of 
1.2. 

2,  Sulphurie  acid.  1000  c.c.  of 
oonoefitrated  sulphurie  acid  are 
mixed  wiili  500  c.c.  of  water  and 
10  gms.  of  chroniic  acid  and  heated 
for  an  honr  in  a  large  flask  upon 
a  sand-hath  in  order  to  cotnpletely 
destroy  any  dustř  etc,  that  may 
be  present.  The  fláme  is  then 
takou  away  and  a  current  of  air  is 
slowly  conducted  through  the  solu- 
tion iu  order  to  remove  any  carbnn  Fig.  54. 
dioxidc  that  may  háve  been  formed. 

After  cooling  the  solution   is  diluted    with    water  until  it  has  a 
speeific  gravity  of  1.704, 

Proceduře. 

About  0.5  gm.  of  the  iron  or  steel  is  placet!  in  the  decomposi- 
tion-Élask  B,  about  2.3  gm,  of  niercury  are  added  fay  means  of 
a  small  pipette,  and  the  apparatus  is  eQOUgeted  togother  as  is 
i  hown  in  the  drawing. 

By  raising  the  Icvolling-bulb  fí,  the  ineasuring-tube  M  is  entirely 
Metl  with  niercury,  the  stop-cock  is  closed,  and  the  apparatus  is 
connectetl  at  p  with  a  suetioii-pump,  by  means  of  which  the  air  in  thr 
flask  B  is  exhaustnl  Mě  rompletely  as  poniriblo  In  order  to  make 
sure  that  the  ground-glass  connection  between  the  flask  and  the 
condenser  is  perfeetly  air-tight,  a  little  water  is  poured  tuto  the 
OUp  there.  Into  the  funnel  C  are  placed  30  c.c.  of  chromk 
acid  solution,  the  stop-cock  at  p  is  closed t  and  by  carefully  tifting 
tfafl  latter  i  little  the  chromit'  acid  is  allowed  to  run  into  the  flask, 

which  ia  immediatety  heated  to  boOtsg  ovit  *  small  Same.    Áftes 

boiling  for  half  an  hour,  120  c.c,  of  sulphurie  acid  are  added  through 
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C,  the  stop-cock  at  M  is  now  opened  for  th?  řirst  time  and 
the  contentfl  of  the  flask  boiled  for  half  an  hour  longer.  (At  the 
t  unlv  carbon  dioxide  is  generated,  in  proportion  to  the  tem- 
pcrature  of  the  sohition,  but  toward  the  cnd  of  the  operát  ion  there 
i<  a  fairlv  ti  vely  evoiution  of  oxygen,)  The  fíame  is  removed,  the 
gas  in  the  llask  ka  earried  over  i&to  If  by  poiiring  water  into  C  and 
lifting  the  tube  p  until  the  gas  in  the  flask  is  entirely  expelled. 
The  total  volume  of  the  gas  is  read,  after  which  the  carbon  dioxide 
is  absnrbed  in  a  J-Ieinpel\s  potash  pipette  and  the  vohime  *»f  the 
unahaorbed  gas  is  determined,  Tlie  difference  represents  the 
ainount  of  carbon  dioxide  formed  by  the  oxidation.  From  this 
the  amount  of  carbon  present  can  be  computed, 

The  measuring  of  the  gas  in  this  apparatus  mil  be  dcscribed 
more  i n  detail  in  Part  III,  Gas  Analysis. 

Othrr  methods  for  the  cfetermlnation  of  the  volume  of  the  car- 
bon dioxide  formed  from  the  carbon  in  iron  or  steel  are  those  of  J. 
Wiborgh,*  Otto  Petterson  and  August  Smitt.t 

Combustion  of  Carbon  in  the  Bry  Way. 

Only  a  rough  otitline  of  this  method  wil]  be  given,  for  it  is  not 
ušed  as  much  now  as  f  ormerly .  J 

The  OArfoonaeeoua  randíte  obtained  us  deseribed  on  page  315  is 
placed,  together  with  the  asbestos  filter,  in  a  wide  combustion-tube 
mutaining  copper  oxide.  The  oontentfl  OÍ  the  tube  are  heated  in  a 
Stimul  of  oxygen  and  the  carbon  cíioxide  is  absorl>ed  in  weighed 
soda-lime  tubcs.  Blair  filters  the  rcsidne  through  a  pcrforated 
platimmi  boat  which  may  be  placed  in  the  coitibustion-tubo. 
Before  absorbing  the  carbon  dioxide,  tlie  gas  shouJd  be  pfttted 
through  a  saturated  sohition  of  ferrous  sulphate  containing  a  little 
Milphuric  aeid  (to  oxtdize  any  chlorine),  then  through  a  saturated 
sohition  of  silver  sulphn;  nove  any  hydrochloric  acid),  and 

fi naliv  through  a  D  tube  crmtaining  ealcium  chloride  (to  remove 
all  moiature). 

♦Zeit.  f.  anaL  Chem.,  XXIX  (1890),  p.  198. 

*  lhal.,  XXXII     i 

{  Blair  coosden  thii  the  most  íireurate  method  for  the  determinatUm  ní 
í-íiHmui  in  taon  and  itéel.  It  ís  mírnost  univensnlly  ušed  in  the  steel  labora- 
tories  of  the  United  States.— {Translator.] 
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For  the  direct  determination  of  the  carbon  in  imn  and  steel,  the 
eonibustion  camiot  be  cffected  by  simply  beating  the  substance  in 
a  current  of  oxygen,  for  the  iron  is  usually  only  superficially  oxi- 
dized.  If,  however,  the  finely  divided  iron  is  mixed  with  three 
parts  of  lead  and  one  part  of  eopper,  *  the  combustion  can  bfi 
acoomplished  without  diflirulty. 

Determination  of  Graphite. 

One  gram  of  pig  imu  Ls  treated  with  75  c.c,  of  ni  tri  .c  acid 
(sp,  gr,  1,13)  in  a  300- c.c.  beaker  and  heated  to  hoiling  until  there 
is  no  further  cvolution  of  gas.  By  tliis  means  the  carbide  carbon 
is  dissolved  while  the  graphite  is  not  attaeked.  The  sol ut ion  is 
diluted  with  water  tn  150  e.c,  and  filtered  through  an  ignited 
asbestos  filter.  The  residue  is  washed  with  dilute  nitric  acid  until 
free  from  iron,  and  then  with  hot  water  until  free  from  acid,  After 
drying  at  110°,  the  asbestos  and  graphite  are  transferml  to  a 
combustion-tube  and  the  carbon  burned  in  a  current  of  pure 
oxygen  as  deseribed  on  page  322.  From  the  weight  of  carbon 
dioxide  absorbetl,  the  amount  of  graphite  is  calculated. 

Remark. — Tlie  above  proceduře  is  quite  different  from  that 
given  in  the  German  edition  of  th is  book,  It  is,  however,  the 
met  hod  whích  is  now  ušed  by  the  students  of  the  Massachusetts 
Institute  of  Technology,— [Translator,] 


Determination  of  Carbon  and  Hydrogen  in  Organic  Substances, 
according  to  Liebig. 

(Elcmenlary  Amúysis.) 

Principle, — The  organic  substance  is  burned  in  air  oř  in  oxygen 
and  the  products  of  the  combustion  are  passed  over  glowing  cop- 
per  oxide,  which  oxidizcs  all  of  the  carbon  to  carbon  dioxide 
and  the  hydrogen  to  water.  The  latter  is  collected  in  a  wcighod 
calcium  chloride  tahej  the  fonnet  in  a  weighed  vessel  which  con- 
tains  eithfiT  caostic  potaah  solution  OT  drv  soda-liine. 

The  combustion  is  perfornied 

(a)  hi  tin  open  tulte; 

(b)  In  a  dosed  tube. 

♦Schneider,  Osterr,  Zoitschr.,  1894,  No,  21. 
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(a)  CombuMioŤi  in  (tn  Open  Tuh*. 

By  far  the  greater  majority  of  all  DOmbustions  are  carried  out 
\n  this  way. 

Rfyitirnnfrtts.—l*  Au  open  tube  made of  *  1  i ITiciil t ly-f n.sible  glass 
which  is  from  12-15  mm.  wide.  Tbe  Jength  of  the  tube  dependa 
Upofi  lhát  OÍ  the  eombustion-furnace;  it  must  be  10  cm,  longer 
than  the  furnaee. 

2.  350  gms.  of  coarse  and  50  gms.  of  hne  csopper  oxide, 

3.  A  drying  appanrtua  i  Kg,  58,  «»n  the  left). 

4.  A  calcium  chloride  tube  (Fig.  57). 

5.  A  Geissler  potash  bulb  (Fig.  56)  or  two  soda-lime  tubes  (s 
p.  298,  d  and  f>. 

6.  A  Bcrew-coek. 

7.  Dry  rubber  tubing. 

8.  Two  plates  of  asbestos  board  to  protéct  the  rubber  stoppers 
in  the  two  ends  of  the  tube  from  the  heat  of  the  furnaee. 


Fw.  55. 

Proceduře  for  the  Combustion  of  Organic  Substances  Free  from 

Nitrogen,  Halogen,  Sulphur,  and  Metals. 

Pn  pamtion  and  Combustion, 

1.  The  calcium  chloride  tuhé  (Fig.  57)  is  filled  from  the  left 
side  as  waa  described  on  p.  294,  dosed  with  a  plug  of  glass-wool 
and  the  end  of  the  tube  ftlfled  ín^ther,  as  shown  in  the  %ure.* 
It  ia  more  practica]  i<>  ose  a  cfeleiuia  chloride  tube  fitted  wiih 
ground-gL&fie 8toppera«  After  filling  the  tube,  ite  ooatenta  are  satu- 
nited  with  carbon  dioxide,Aa  de&eribed  on  p.  298,  in  the  foot-oote. 

The  outside  of  the  tube  is  rubbed  with  a  piece  of  chán  mis  skin 
oř  old  lineu,  and  the  two  endfl  are  stoppered  with  short  pk 
of  rubber   tubing  each    oontaiiunj  I  pieee  of  st-irring-rod.     11 

*Or  the  tube  li  itoppered  and  mi  alr-iight  seal  made  by  oovering  it 
neatly  with  inmlhu  TT1T 
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EÚlowed  to  stand  iti  the  balance-case  for  fifteen  íniniitrs   and  is 
then  weághed  without  the  Btoppers. 

2.  Th$  Oeisder  buth  ( 1  ÍLr.  56)  is  filled  with  caustic  potash  snlu- 
tion  (two  parts  solid  KDS  in  ihroe  parte  of  water)  as  folhnvs: 
Tito  small  soda-lime  tubo  í/  is  replaeed  b}^  a  piece  of  rubber  fcoMng, 
C  is  dipped  iiit-o  the  solution  of  caustic  potash,  and  the  bulbs  are 
filled  two-thirds  full  by  sucking  through  the  rubber  tubing.     The 


Fio.  56. 


Ficl  57. 


end  of  the  tube  c  fa  then  cleaned  by  ineans  of  a  piece  of  íilter- 
páper,  the  soda-lime  tube  d  is  again  connected  (its  right  half  is 
filled  with  Boda-liine  and  the  outer  half  with  calcium  chloride), 
and  the  two  eiuls  are  dosed  with  pieces  of  rubber  tubing  each 
containing  a  piece  of  stirring-n  >d  with  rounded  ends.  The  apparatus 
Efl  wiped  with  wash-leather  and  weighed  without  the  stoppeiB, 
ařter  taking  the  samé  precautions  as  with  the  weighing  of  the 
large  ealeium  chloride  tuba. 

3.  The  drtjing  apparatus  (Fig.  55,  011  the  left),  which  serveš  to 
free  the  air  and  oxygen  itsed  for  the  combustion  from  carboD  diox- 
ide  and  W&ter  vapor,  eonsists  of  a  wash-bottlrt  Df  contaimng  eon- 
cetitrated  caustic  potash  solution,  the  soda-Ume  tube  a,  and  the 
two  calcium  chloride  tubes  b  and  c. 


v 


Fto.  5<í. 
4,    The    comhustion-ttthc   (Fig.   <5S),   both    ends    of    which    are 
rounded  by  heating  in  the  hlast-lamp;    after  coolinír,  the  tube  is 
washed,  dried,  and  filled  as  follows:   First  B  short  roli,  t9  of  DOpper 
gauzc  is  introduced  into  the  right-hand  end  of  the  tube  so  that 
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5-6  c  ii.  oí  the  latterare  left  empty.  This  roli  serveš  as  a  plug  and 
nmst,  tfaerefore,  íit  tightty  in  the  tube,  A  layer  of  coarse  copper 
oxide,  Kt  about  45  cm.  Long,  ie  tysxA  added,  and  after  this  is  plaeed 
another  plug  oí  copper  gauze,  k\  Finally  another  roli  oí  copper 
gauze,  d,  about  10  cm.  long  and  large  enough  to  fill  the  tube  loosely, 
is  plaoed  bo  that  a  space  of  abbut  10  nn.  is  left  on  the  right  and 
about  5  em.  on  the  left.  The  tube  is  now  plaeed  in  a  combas- 
tion-furriMn',  bo  that  about  5  CUL  extend  beyond  the  furnace 
11  eaofa  eod,  as  shown  in  Fig,  55.  The  left  end  of  the  tube  is  closed 
with  a  tightly-fitting  rubber  etopper  through  whieh  a  glass  tuba 
P&8BS8,  and  is  eonnected  with  t he  dryini^  appuratus  by  DQeaUAof 
a  short  piece  «>f  rubber  tubing.  (The  tube  ehould  be  provided 
with  a  glass  stop-cuck,  as  is  shown  in  Fig.  68,  at  but  which  i> 
lacking  in  Fig.  55.)  The  right  end  of  the  tube  is  left  open  for  the 
Ume  being. 

A  slow  eurrent  of  oxygen  *  is  passed  through  the  apparatus 
and  the  furnace  is  lighted,  At  first  the  fláme-  is  turned  low  and 
thfl  whole  tube  is  heated  equally.  Gradually  the  temperature 
is  raised,  until,  with  the  tilea  covering  the  tube,  the  copper  oxide 
is  at  a  dull-red  be&t. 

l/snally  su:ne  water  eundenses  in  the  right-hand  end  of  the 
tube;  this  is  expelled  by  carcfully  holding  a  bot  tile  under  the  tube. 
When  all  the  water  is  removed,  and  when  the  presence  of  oxygen 
can  be  detected  at  the  right  end  of  the  tube  (by  its  igniting  a 
glowing  aplinter),  this  end  of  the  tube  is  closed  with  a  rubber 
Btopper  through  whieh  au  open  I ■alriuin  chloride  tube  is  plac 
The  burners  are  now  turned  down  and  the  oxygen  current  dis- 
continued.  All  of  the  flames  aiv  rxiiímuished  after  some  time 
under  the  right  haif  of  the  tube. 

While  the  tube  is  conling,  the  ealriiun  chloride  tube  and  the 
potaah  bulb  (or  soda-lime  tubee)  are  weigheil  (the  stoppers  being 
repl&ced  imuiedintely  after  the  weighing)  and  from  0.15-0.2  gm,  of 
the  substance  is  weighed  ínto  a  poreélain  orplatinum  boat. 

If  the  subetanee  is  a  dimcultly-volatile  oil  it  is  weighed  LntO  I 


♦The  oxygen   Prost  be  frče  frotn  hy&Qgtn.     Commerrial  oxypn  <>fi«- 
rosit.iins  ||m  Latter,  iQ  whicb  ease  it  ia  necessary  to  pasa  the  gas  throqgh  a 
"pvebtftttag"  fnru  Ufling  it.      The  gas  should  eome  froui  a  gas- 

DQWtar,  nevěr  from  the  bomb  ita^lf . 
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smál  I  gtaafl  tube  opon  at  cme  end,  If  il  is  rcadily  volu  tile,  a  bulb 
is  hlown  into  a  small  capillury  tubo;  this  is  weighed,  thc  bull)  is 
vvaminl,  and  the  capillarv  is  íntxoduoed  iiito  thř  liquid  to  ho  aiia- 
lyzed.so  lhát  the  liquid  rises  in  thř  bulb  as  it  QOoh,  The  bulb  is 
thcn  turned  BO  that  thc  capillary  lies  in  a  horizontál  pusiiiun,  the 
lat  tor  bwarmcd  slightly  to  cxpelalíttle  liquid  that  adhcres  to  the 
lefl  i.f  lbe  tube, the  end  is  ruelted  together,  and  the  mbeis  again 
weighed.  Care  nuist  be  takou  that  there  is  no  liquid  in  the  capil- 
lary.  Everything  is  now  ready  for  the  coinbustion.  The  stoppcr 
is  removod  froni  the  Ieft  (and  now  cold)  end  oř  the  enmhiistion- 
tube,  the  long  eopper  rol]  is  removod  by  moani  of  a  picce  of  wire 
with  a  hook  in  the  end  of  it,  the  boat  with  the  substance  in  it  is 
plaeed  in  the  tube  and  the  eopper  roli  right  after  it.  Connoction 
is  inado  with  the  drying  apparatus  on  the  left  and  with  the  ubsorp- 
t  ion -tu  bos  on  the  right,  as  is  shown  in  Fig.  55.  In  čase  the  suln 
Stance  is  a  liquid,  the  tube  eontainhig  it  is  plaeed  so  that  its  capillary 
is  point  cd  towarck  the  teft,  and  in  the  čase  of  a  vnlatilo  liquid  the 
end  of  Hie  c&piltary  m  tooken  ofí  with  a  filé  just  beíore  introducing 
it  into  the  combustkm-tube.  The  stop-coek  between  the  tube  and 
the  drying  apparatus  is  doteď*  the  latii  r  is  eofiXMCted  with  an  air- 
gasomctor,  and  the  stop-eock  in  the  drying  apparatus  is  wholly 
opencd,  while  that  between  the  drying  apparatus  and  the  coni- 
bustion-tube  is  opened  just  onough  to  pemiit  two,  or  at  the  most 
three,  bubbles  of  gas  per  second  tn  pass  througli  the  apparatus, 
Thř  two  outer  burncrs  on  the  left  are  now  lighted  and  the  eopper 
oxide  spirál  i  (the  eopper  waechanged  to  fcheooadeby  the  ignition  in 
oxygen)  is  slowlv  hented  just  to  redness.  The  tube  is  now  gnulu- 
allyheated  front  right  to  left,  taking  care  that  the  gas  cvolution  is 
nevěr  greater  than  íour  bubbles  per  second  through  the  pot&sh 
bulb;  this  can  be  easily  regitlated  by  moans  of  the  stop-coek  Oř  by 
tuming  the  gus-hurners*  Whcn  the  eontents  of  the  entire  tube 
háve  been  hrought  to  redness,  with  the  tiles  in  pláce,  and  the  boat 
ta  i  inpty,  tho  oombustion  W  usually  comploto.  ít  is  well,  however, 
to  pass  oxygen  through  the  hol  tube  until  the  gas  eso  be  detected 
at  the  right-hand  end  of  the  oombustion  truin  (a  glowin*:  splinter 
ignites  at  Pl).*     The  fluiues  are  then  turned  dnwn  and  a  current  of 

•  To  praveni  moíatuxc  Froos  ptiing  into  this  tube  from  the  air,  it  is  we!l  to 

connect  Ít  with  an  ijnweighťíl  calcium  chloride  tube. 
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air  passed  through  the  apparatus  untll  the  oxygen  is  completely 
expellcd.  A  littlc  water  ahvays  eolleets  í ti  the  front  (right)  and 
oí  the  tuho,  and  tliis  tnust  be  driveu  ovor  into  the  ealHum  chloride 
tube  by  holding  a  hot  tile  under  it.  The  ralmuti  chloride  tube 
and  the  potash  bulbs  are  now  removcd,  wiped  off  wilh  a  piece  of 
ehamois  skin  or  a  clean  linen  cloth,  aDowed  to  stand  in  the  balanc -- 
room  for  twenty  minu  tes,  after  which  time  they  are  weighed 
w i t  h on t  the  stop pers .  The  gain  in  wei  gh t  re  \  n m « i  D I B  1 1  M  i  BIH0 unt 
of  water  and  carbon  dioxide  respectively,  and  ímm  this  the  aniount 
of  kydregeo  and  carbon  can  be  ealculatcd  as  follows: 

If  a  leptcpoata  the  weight  of  the  substance,  p  that  of  the  water, 
and  p*  that  of  the  carboii  dioxide,  then 

HaO:Ha    =  p:x     and      00,:C  =P':i' 
18,02: 2.02  =p:x  44:12-?':*' 

2.02  12   ,     S 

and  in  per  cent. 

101    D  .   „  300   p> 

-_. « £_=  i  .oř  cen  1  .  1 1  — —  •  í—  —  per  cent.  L 

9.01  a  1 1      ff 

Determination  of  Carfoon  and  Hydrogen  in  Nitrogenous  Organic 

Substances, 

By  the OOmbllBtSOD  of  many  organic  substances  eontaining  nitro- 
BBB,  BBpecially  nit  roso- and  nitro-conipounds,  oxides  of  nitrogeii  atv 
foniicd  whirh  are  partly  absorbed  in  the  caleium  chloride  tube  Uld 
pařily  in  1  ht*  potash  bulb.so  that  if  such  substances  we re.  anály zed 

rdiiig  to  the  previous  proeess,  both  the  carlwm   and  hydroj 
reouhe  will  be  too  higk     If,  bowever,  aa  unreduced  copper  spirál 
is  introduced    in    the    front   (right)  end  of  the    combustion-tube, 
llus  serveš  to  redace  the  oxides  of  oítrogen  to  aitrogea  itself,  and, 
i--  not  abeorbedj  ooirecl  reeulta  will  be  obtainecL 

The  copper  spirál  is  prepared  by  rollíng  togethcr  a  piee  *  of 
copper  gauze  alx>ut  10  cm.  wide,  makiug  it  aa  large  aa  will  ooo* 
venie&tly  pasa  ínto  the  conabuation-ttibe.  The  spirál  is  heated 
till  it  glo\\>  by  holding  it  in  a  large  gas  fláme,  and  while  stíll  hot 
thrown  into  a  teat-tube  oontftining  one  or  twn  eubic  centi- 
m  étere  of  methyl  akohol    The  alcohol  quickly  boih  awa\\  but 
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some  of  it  is  oxidizcd  to  aldehyde  by  the  hot  copper  oxide,  and 
the  latter  is  reduccd  couipletely  to  bright  metallic  copper,  The 
spirál  is  taken  out  with  a  pair  of  crueiblc  tongs  and  dlied  í< 
quiekly  passing  it  through  a  fláme  a  few  times,  and  while  BtiH 
warni  it  is  iniroduced  into  the  front  end  of  the  combustion-tube, 
wiácb  has  beán  piwiousiy  buznad  out  as  described  m  the  pro- 
vious  anaJysis. 

Tu  earry  out  the  combustion,  the  stop-eock  between  the  com- 
Imstion-tube  and  the  dryirig  apparatus  is  dosed,  the  substance 
introduced  into  the  tube,  and  the  oopper  oxide  spirál  at  d  is  hrst 
heated  and  then  the  reduced  spirál  at  the  other  end  of  the  tube. 
Then  beginning  at  rfy  one  buriier  is  lighted  after  another,  until 
finaliy  the  entire  contents  of  the  tube  are  heated  to  a  duli  redness 
and  110  more  bubbles  escape  through  the  pntash  bulb.  Xow  for 
the  first  time  the  stop-coek  is  opGEied  somewhut  and  oxygen  is 
passed  through  the  tube  until  it  can  be  detected  at  n.  Tha  ilames 
are  then  tunied  down.the  oxygen  reptaced  by  air,  and  the  ana) 
OODLpIeted  as  ín  the  previous  čase. 

Diffieultlv-eombustible  substanees   are  mixed  with    powdored 
OOppeff  oxide  (which  has  been  ignited)  and  placed  in  a  copper  boat. 

(fc)  drnibustian  in  a  Clo&ed  Tube. 

Rcqiiirements.—l.  A  so-called    bayonet-tube    as   is  ehown  in 
Fig,  59. 

,»^     b  c     f d  . 


Fig.  59. 

2.  300  gms.  of  coarse-grained  copper  oxide. 

3.  50  gms.  of  powdered  copper  oxid©, 

4.  A  copper  crueiblc  of  a  hnut  80  c.c.  capacíty. 

5.  A  copper  funnel  (lig.  80,  T)  or  a  broken-off  glaas  funnel. 

6.  Two  pear-shaped  Hasks  fitted  with  rubber  stoppers  con- 
taininií  a  calcium  chloride  tube  (Fig.  60t  F)  to  hold  the  ignited 
oopper  oxide. 

Othcrwise  the  apparatus  is  the  samé  as  described  under  (a). 
Prcparalwn    for   the   Analysis. — The    coarse    QOpper    oxide   ia 
thoroughly  ignited  in  the  copper  crucible,  stirring  it  frequently 
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by  means  of  an  iron  wire.     WhtiD  the  DUUM  ifl  Bk1  B  dull-red  l  • 
it  ifl  allowed  to  COol  soincwhat,  and  is  then  transfcrred  to  the  drv 
Baák  P  by  means  «>f  tlie  copper  fuum-l  7";  the  flask  is  inuue- 
diately  etoppeared   with   the  calcium   chloride  tube.      The  samé 
proceň  is  rcpeated  with  the  fine  copper  oxide, 

Fiflinff  th  Tube, — A  plugT  6,  of  ignited  asbestos  is  placeni  in 
the  tube  (Fig.  59),  the  latter  is  clamped  to  a  ring-etand  at  an  angle 
of  45°,  and  a  layer  of  coarse  copper  oxide.  10  etn,  kuig,  is  trans- 
ferred  froin  the  flask  F  into  the  tube.     The  substance  is  next  added 


\u..  60. 

in  a  boat  and  powdcred  copper  oxide  is  shaken  upon  it  until  a 
foyer  about  r>  cm.  tang  is  producedj  and  this  is  niixed  with  the 
substance  by  means  o f  a  tang  copper  wire  wound  like  a  eork-screw 
at  the  end.  The  wire  is  then  cleuned  by  means  of  a  little  pOW- 
tlered  copper  oxide,  and  the  rentainder  of  the  tube  is  nearly  filled 
with  the  coarse  copper  oxide  BO  that  only  5  ne.  remaiu  eirpty. 
I n  rase,  huwever,  the  substance  wmtaina  nxtrogen,  spoee  is  left 
far  the  reduced  oopper  spirál*  A  smál]  eanal  is  imw  produced 
io  the  copper  oxide  layer  by  gen  ti  v  tapping  the  tube  upon  the 
table,  and  the  fihe<l  tube  is  placed  in  the  combustion-furnace  and 
eonnected  with  the  abeorptíoa-tubeu  ba  id  Fig.  55.    First,  the 

right  end  of  the  tube  is  hcated  and  the  heating  is  continiicd  lowunl 
g  until  the  coar«e-grained  copper  oxide  ifl  beated  to  redness  throngh- 
out  three-quarters  of  its  cnťire  length ;  hut  fnr  the  presem  care  is 
taken  not  to  heat  the  tube  where  the  substance  is  placed.  The 
tube  is  then  beated  at  h  and  the  heating  is  cnntimtcd  toward  t9 
until  tinallv  f  is  reached,  After  the  tubo  has  becomc  heated 
equally  throughnut  itfi  entire  length,  the  right-hand  tile  of  the 
furnace  ia  removed,  so  that  the  back   end  ol  the  tube  will  000] 
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BQmewh&t.  When  no  more  bubbles  are  seen  to  poflS  thtough  tlie 
potafth  bulbř  and  the  potush  begins  to  sm-l-:  l>ark,  a  pieee  of  ruí>- 
Ker  tubing  pmvided  with  a  screw-cock  and  etumected  with  the 
drying  apparatus  is  drawn  over  the  point  oř  the  tube.  The  ilry- 
ing  apparatus  is  ermneeted  with  au  oxygen  gasometer  and  oxygen 
il  allowed  to  pan  through  the  apparatus.  When  tliis  m  aceom- 
plished  the  point,  aT  of  the  tube  (Fig.  59)  is  brokcn  off  inside  the 
nibíier  tubing  with  the  fingers,  the  sercw-cock  is  eautioiisly  opcned, 
and  oxygen  is  sluwly  paesed  through  \\w  tube  nutil  it  ran  be  ilt>- 
bed  at  the  front  end  of  the  combustion  train,  The  flames  are 
ílírn  turned  down,  the  oxygen  removecl  by  a  current  of  :tir,  and 
the  analysis  completed  as  described  under  (a). 

Combustion  of  Organic  Substances  Containing  Haiogens, 

The  analysis  is  GOndllCted  exartly  the  samc  as  in  the  rase  of 
nitrogenoiis  substances,  exrept  instead  of  a  rediuvd  oopptf  spirál 
one  of  silver  is  ušed  to  keep  back  any  halogen  set  free.  The 
silver  spirál  shoukl  not  be  heated  to  rcdness,  but  only  to  ahotit 
lsu  jim0  CL  In  čase  a  silver  spirál  is  not  at  band,  a  long  eopper 
spirál  is  ušed,  its  end  reaching  outside  the  furnace. 

Combustion  of  Organic  Substances  Containing  Sulphur, 

Sulphur  eoinpnunds  raniiot  be  hunied  in  a  tube  KSttftUling 
DGpper  oxide,  for  the  sulphur  tlioxide  escapes  and  is  parity  ab- 
sorbed  by  the  water  in  tlie  raleium  chloride  tube  and  part  Iv  in 
the  potash  bulb,  so  that  absolntcly  worthless  resnlts  are  ohtained. 
Instead  OÍ  the  long  layer  of  eopper  oxide,  one  of  ignited  lend  ehro- 
mate  is  ušed.  The  ktter  uxidi/.es  the  sulphur  dlQjddfl  to  sulphur 
trioxide,  fonning  di  fheu  Itly-  vola  tile  lead  sulphate  which  rernains 
in  the  tube.  When  lead  chromáte  is  ušed,  the  combustion  nmst 
také  pláce  at  a  lower  tcinperature  than  with  eupper  oxide,  for 
the  former  melts  easily,  and  by  adhering  to  the  glass  is  likely  to 
cause  the  tube  to  break. 

Combustion  of  Organic  Substances  Containing  Metals. 

If  the  substance  contains  atkalies,  alkalhie  earths.  or  cadmium, 
a  part  of  the  carbon  will  remain  in  the  tube  as  carbonate. 
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tliis  pase  ihe  substance  is  mixed  in  the  boat.  with  a  mixture  of  ten 
parte  of  powdered  lead  eh  minuté  and  oue  part  of  potassium  chro- 
máte, and  the  oombustion  is  conducted  as  is  the  čase  when  buI- 
phur  is  present. 

Dumas*  Method  for  Determining  Nitrogen  in  Organic 
Substances. 

This  determination  should  reallv  ba  diseussed  under  Part  III, 
but  it  will  be  described  here  on  ftOOOtint  oí  its  being  an  analysis 
by  Dombustion, 

1'ritiťiph. — The  substance    is   burned   in    a   eombustion-tube, 

from  air,  which   contains   copper  oxide    and   oopper  spi  rab 

exactly  as  in  the  dětermmatiun  uí  the  hydrogen  and  carbon  ÍH 

substances   cmítaining  nitrngeu,   but  in   this  čase  the    nitrogen 

evotved  is  měoMwrěi 

Procedure^HÚB  determination  may  be  carried  ont  in  either 
a  closed  or  open  tube. 

(a)  Determination  in  a  Closed  Tube. 

The  necessary  apparatus  is  shown  in  Fig,  61.  The  eombus- 
tion-tube  is  closed  at  one  end  and  is  about  75  cm.  long.  It 
roiitahis  at  M  a  layer  of  niuirnesite  15  cm.  long.  in  pioces  about  the 
0f  I  pea,  followed  by  B  k)0§i  plni:  ní  ignited  asbestos  and 
litru  a  10-crn.  layer  of  coarse  copper  offSctej  S.  The  substance 
is  addod  at  a  in  a  boat  and  mixed  with  powdored  copper  oxide 
by  EngBDfl  of  a  spirál  wire  (ef.  p.  330),  after  which  a  layer  of 
coarse  copper  oxide*  about  40  cm.  long  is  addod,  and  finally 
the  ret hi rod  rup per  spirál  (prepared  as  dcBCribed  on  p.  328).  The 
tube  ia  thrn  placed  in  a  combtistifm-furnaee  and  eonnected  with 
an  ft20tometer,t  »>  shuwn  in  the  figuře,  which  is  fiUed  with  mer- 
cury  to  a  lit  tle  above  the  fnwor  end  of  r,  and  npon  this  is  placed 
a  liberal  amonní  of  60  par  cent.  caustic  potash  solution. 

The  experiment  is  begun  by  heating  the  left  half  of  the 
magnesite  layer  whereby  the  air  in  the  tube  is  expolled  by  the 


*  The  copper  oxide  mu*t  be  previously  ignited,  a«  described  on  p,  329. 
i  II.  Schifí,  Rerichte,  XIII,  p. 
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earbon  dioxide  and  collects  in  the  azotnmeier.  The  bubbles  rise 
through  the  oaustio  potash  solution,  and  as  soon  as  they  are  eoiii- 
pletely  absorbed  by  the  latter,  the  air  is  cxpclled  by  raisiug  the 
levelling-tube.  The  stop-coek  is  closed  and  the  heating  continued 
for  a  short  time  longer,  to  raake  sure  that  the  air  is  coDipletely 
removed  from  the  tube,  The  fláme  is  then  put  out  under  AF;  the 
tube  is  heated   íirst  at  R  and  the  burners  are  lighted  one  after 


M 


b  & 


Fig.  OL 

another  toward  the  left  until  about  three-quarters  of  the  layer  of 
coarso  copper  oxide  is  heated  to  a  duli  redness.  The  tube  is  then 
heated  atjS  and  the  process  is  contimied  as  iu  an  ordinary  com- 
bustion  until  the  whole  tube  (with  the  exception  of  the  part  where 
the  mag]  found)  ifl  heated  to  a  uniform  teoiper&ture  and 

finally  no  more  nttmgcn  is  cvnlved. 

The  heating  ínust  be  aeeoniplished  so  that  there  will  be  a  slmv 
but  steadj  evolution  of  nitrogen.  When  the  oombustios  is  ooiq- 
plete,  the  magnesite  layer  is  OXICe  more  heated  and  the  nitmgon 
remaining  in  the  tube  is  completelv  driven  over  ínto  the  asotom« 
éter  by  the  carbonic   aekl  set  free.     As  soon  as  the  volume  of 
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the  gas  in  the  azotometer  reinains  e<  instant,  the  experiment  is 
ended  and  ii  remainfl  nuly  to  measure  the  iritrogi  u. 

Požř  thia  purpofie  the  asotometer  together  with  the  oonned 
piece  of  mbber  tubing  is  removed  from  the  combustion-tube  and 
the  tubing  cloeed  hy  tneansof  ■  pinch-coek,  A  Hule  watei  ta  a*  Med 
to  the  íimnul  of  the  azotometer,  and  from  1  to  2  c.c.  are  allowed 
to  run  into  the  mcasuring-tube  by  bwering  the  levelBng-bulb 
and  cautiously  opening  the  atop-€oék,  whwh  must  be  immediately 
doaad  agaio  as  BOOfi  as  the  sides  of  the  tube  alxive  the  potaši  tun 
hydroxide  Bolution  háve  become  wct.  The  apparatus  is  then 
aside  for  at  least  tweutv  minu  trs  at  a  plare  where  a  U&ifoitD 
ternperature  prevails,  after  whieh  the  gpa  levellmg-tube  ii  rawd 
untiS  the  solution  in  it  stands  at  exactly  the  Badá  height  as  that 
in  the  tube,  when  the  volume  is  read.  At  the  samé  time  the 
baronu řter  and  thennometer  *  readings  are  DOted. 

The  weight  of  the  nitrogen  present  is  eomputed  as  followB: 
Lei   us  assume  that  a  gms.  of  ihe  suhstaiiee  were  ušed  for  tlie 
anahsis  and  V  c.c.  of  nitrogen  were  ohtained  at  /°  (\  and  B  nim. 

baiometrio  prasure.  Bince  tlie  sides  of  the  tube  were  miúateud 
with  water.  we  háve  tlie  tensíon  of  water  vapor  at  the  given  teiu- 
jHTature  within  the  tube,  whieh  we  will  designate  by  v\  In  order 
to  nbtain  the  weight  of  the  nitrogen f  its  volume  must  be  first  re- 
duced  to  0°  C.  and  760  nim.  pressure, 

v  =  y  ■     — 

0       760  (273+í) 

and  from  this  the  weight  of  the  nitrogen  present  is  deduced  as  fol- 
iová: 

=  28.08 
*    22,391    ° 

*  An  nečumte  tliermometcr  should  hanp  at  the  side  of  the  nzotottieter. 

t  A  gram-moWule  of  any  za*  measured  M  0°  and  760  mm.  li  22  391  1.  nr 
22.4191  ť\<\      Siru  tta  mota  ni :ir  ireigbl  af  nitwgwi,  tbeu  21 

ííiiis.  would  be  eontaineri  in  -2,391  C.C.  *»r  I  e.C,  of  aitiogCdO  gafl  it  0°  and 
:r,o  rotild  weigh  0.0012540.     Rakigti  and  Ramaey  found  1  c.c.  N-* 

0.0012505.     Fnrmerly  ths  value  1  CC.  N  =  0.001250  was  ušed. 
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and  in  per  cent., 

a:0.001254-V,-100:x 

x= 0.1254^  =  per  cent.  N. 
a 

Itemark.— If  no  water  was  added  to  the  azutometer,  it  can  be 
assumed  that  the  gas  is  praetieally  dry;  the  rcduced  volume 
would  then  be 


V.-* 


K-B-273 


760(273+0 


It  is  advisable  to  add  the  water,  howcver,  as  there  is  oftcn  a 
little  foam  formed  at  the  upper  surfaře  of  the  caustic  potash  sohi- 
tion,  and  the  water  causes  tliis  to  ilisappoar, 

If  the  apparatus  is  allowed  to  Btaud  for  a  long  time  over  tbfl 
potash  solution  after  the  addition  of  the  water,  the  gas  wi!l  become 
more  or  less  dry  again,  so  that  it  is  impossible  to  telí  what  cor- 
rection  to  niake*  In  t  ti  is  ease  a  little  more  water  shoukl  be  addrd, 
the  apparatus  allowed  to  stand  tvventy  minut-es  more,  the  volume 
read,  and  the  tension  of  aqneous  vapor  for  the  given  temperatiire 
subtracted  from  the  bammeter  reading. 

(h)    Determinatimi  of  NŮTOffi  n  M  *tn  Open  Tube. 

The  dctcnnination  is  carried  out  in  praetieally  the  samé  way 
as  before,  exeept  that  in  this  čase  the  earbon  dioxide  is  gcneratcd 
outside  of  the  tube.  If  the  eombustion-tube  of  Fig,  61  is  imag- 
ineri  to  be  cut  ofT  nt  M  sud  oonneetod  by  Enea&a  <>f  the  two-bulbed 
tube  with  a  long  test -tube,  ifi  ihowil  in  the  upper  part  of  the  fig- 
uře, the  apparatus  nnvssary  for  this  determination  will  be  seen. 

The  long  tvst-tube  contains  sndiiim  bírarlionate,  and  it  is  rov* 
ered  with  a  pieoe  OÍ  copper  gauze  in  order  that  it  inav  be  heated 
more  uniformly. 

At  8  is  a  long  copper  oxide  opíral,  this  is  folkrwed  by  a  copper 
bnat  euntaitiiii.il  the  substance  mixed  wilh  powdcred  copper  oxide, 

then  the  long  foyer  ofeoarsecopper  oxide,  and  finally  the  redut 
copper  spirál.     After  the  coiinecUnii  with  the  asotometer  has  been 
mode,  the  tube  containinjjr  the  Bodiuio  bicarboo&te  is  heated  and 
the  air  removed  front  fche  combnstion-tube  by  oiee&e  of  the  earbon 
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dioxide  evolved.  The  greate*  part  of  the  water  that  b  simul- 
taneoUBly  set  free  collects  in  the  two-bulbed  tube.  Otherwise 
the  proceduře  ia  exaetly  theaams  as  ia  the  former  čase* 

Remark. — ! The  advantage  of  thia  tnethod  over  the  fomier  lies 
in  the  tac<  that  the  combustion-tube  can  be  ušed  for  a  Jarge  num- 
ber  of  Dilrogen  determination*  without  refilling  it  each  time. 

With  "lifíimltlv- -m!i  i.-í  stihle  Bubetancefl  the  author  prefers  to 
work  with  the  doeed  tube,  for  ÍQ  I  his  way  it  ifl  possible  to  get 
a  verv  intiinate  mix  ture  of  the  substance  with  the  powdered 
copper  oxide. 

Oxalic  Acid,  1 1, 0  v     Mol  Wt  90.02. 

Forms:   Calcium  Oxide,  CaO,  and  Carbon  Dioxide, 
CO, 

Determination  as  Calcium  Oxide, 

The  neutral  sohition  of  an  alkali  oxalate  is  treated  with  a  few 
drops  of  acetic  acid,  heatetl  to  boiling,  and  precipitated  with  boil- 
ing  ealciuni  chloride  solution.  After  standing  twelve  hours  the 
precipitate  is  filtered  ofT,  washed  with  hot  water,  ignited  wet  in 
B  platin  um  crucible,  and  from  the  weight  of  the  calcium  oxide  the 
amount  of  oxalic  acid  is  calculated  as  follows: 

CaO:HJCí04«p:x 

H30,O4 


Determination  as  Carbon  Dioxide, 

aciple. — The  rnethod  is  based  upon  the  fact  that  oxalic  acid 
on  being  heuted  with  manganese  dioxide  and  dilute  sulphurie 
acid  is  qiiantitatively  oxidized  to  carbon  dioxide: 

H2C/)<-r  MnO,+  IIřSO,=  MnSO,-}-  2HaG+2COr 

Proceduře. — A  weigbed  arnount  of  the  oxalate  ia  treated  with 

and  a  half  tkneš  as  much  mangane'  dioxide  (faee  from  ear- 

bonate)    either   in  the   a]  áhown  on  page  293  (Blg.    17)  oř 

in  that  of  Freeeniua-ClaaseD  (Rg,   18,  p.  268).    1  tedttfe  is 
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exactly  the  setne  ifl  mu  doeribed  for  the  determination  of  carbon 
dioxide,     lf  p  gm.  of  carbon  dioxide  were  found,  this  corresponds  to 

p*  1.023  gm,  m  Oxalic  Acid.  T I  .<   *  >  4 

R?m<tri\ — Both  methnds  givc  good  results,  but  oxalic  and 
B80  fae  timrli  ranné  mnveniently  determined  by  a  voiímietric 
process  (see  Part  II ,  Volumetric  Anály 

BORIC  ACID,  HBO,  *    Mol.  Wt.  44.01. 

Determination  as  Boron  Trioxide,  B20„  by  the  Method  of 
Rosenbladt-Gooch.  f 

Principlt\— Alkali    and   alkaline-earth   bol  n   being   dis- 

ti  Hed  with  abeolute  methyl  atoohol  (free  from  acetone)  and  acetic 
acid,  give  up  all  their  boron  in  the  form  of  methyl  boráte,  a  liquid 
which  boils  at  65°  C.  If  the  methyl  boráte  jjg  paawod  «'ver  a 
weighed  aniount  of  linie  in  the  proooneg  of  water,  it  is  completely 
saponified : 

B(OCH3)a+  3H30  -  3CH,OH +B(OB)r 

The  boříc  acid  set  free  eombines  with  the  hrne  to  fonn  calcinm 
boráte.     If  the  water  containing  the  linie  is  evaporated  to  dljU 
the  gain  in  weight,  therefore,  represents  the  amount  of  B303. 

Proceduře. — About  1  gm,  of  the  purest  linie  ohtainable  is  ig- 
nited  to  u  constant  weight  over  the  blast-lamp,  and  as  much 
of  it  as  possible  is  transferml  to  the  drv  Erlenmeyer  flask  (Fig.  62) 
which  serveš  as  a  reeeiver.  The  cructble,  with  some  oř  the  lime 
adhering  to  it,  is  plaeed  in  a  desiccator  and  set  aside  ÍOT  the  present, 

The  linie  in  the  flask  is  slaked  by  the  careful  addition  of  abont 
10  c.c.  of  water,  and  the  fiask  is  eonnected  with  the  distillation- 
flask  as  shown  in  the  figuře. 

The  aqueotit  soli  it  Ion  of  the  alkali  boráte  (con  taini  ng  not 
more  th:m  0.2  gm,  B2Os)  is  treated  with  a  few  drops  of  either 
litnius  or  laekinoid  BolutioDj  and  acetir  artd  is  added  drop 
drop  until  the  sohtťmn  tunis  retl.  The  slightly  acid  solution, 
prepared  in  this  w-iy.  i^  added  by  mruns  of  the  fnnnel  T  t*>  the 
pipette-shaped  retort,  /?,  of  abont  2(10  e.< •.  capacity.     The  fnnnel 

*  TIiíh  is  tlio  fonnub  of  met  choříc  acid. 

t  Zeit  f.  atiaL  Chcin.,  XXVI  (1887),  pp.  18,304. 
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is  w&shed  three  times  by  the  additioE  of  2  <>r  3  oubic  eentimeti  as 
of  water  an<l  the  Btop-oock  is  elnsed.  The  Uquid  is  distilled 
pl&cing  A*  íti  :i  paraffine  beth  at  oot  over  140°  C,  and  the 
distillate  collected  in  the  Krlenmeyer  flask  containing  the  li 
WfaeD  -ill  C3Í  the  Hi|uid  has  distilled  over,  the  paraíline  bath  is  lowea 
:inl  aftaf  R  hus  eooled  samewhat,  10  c.c.  of  methyl  aloohol  (free 
fnmi  acetone)  are  added  fthrougb  the  ítmnel  and  the  content- 
of  R  are  again  distilled  off.     This  process  is  rcpeated  three  times. 


Fio.  62. 

Then  2-3  c.c,  of  water  are  added  to  the  rctort,  also  a  few  dropi 
of  acetii  acid  nutil  the  liquid  beeomes  distinetly  red  again,* 
and  the  distillation  with  10  <\<\  Clf  methyl  aleohol  is  repcal- 
ed   three   tmies  mQIfe,      At  the    vnd   of  this  time  all  of  the  bortc 

*  By  Lied  di<ftiUatžontthe  ixrnlnuta  of  the  retort  become  alkaline, 

ia  afeomi  hy  tlic  I4u«  colorof  the  solmiou. 
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acid  will  be  found  iri  the  reeei  ver.  The  st  npperei  l  ftask  is  thoroughly 
shaken  and  allowed  to  stand  for  au  hour  oř  two  in  order  to  make 
sure  that  all  of  the  methyl  horale  is  saponified.  The  contents 
of  the  receiver  are  then  poured  into  a  platimtm  dish  of  about 
300  CC  capaeity  and  evapurated  on  the  water-bath  to  dryness  at 
as  low  a  temperature  as  possihle.  During  this  proceň  the  alcohol 
must  not  be  alluwed  to  boil  onder  any  circumstances.  Then, 
in  order  to  remove  the  small  amount  of  linie  that  reinained  adher- 
ing  to  the  sides  of  the  flask,  a  few  drops  of  dilute  nitric  acid  are 
added  to  the  reeei  ver ř  and,  by  carefully  inclinkig  the  flask,  its  entire 
innersurface  is  wet  by  the  acid,  after  which  the  mntents  are  W&fthft  1 
into  the  platinum  dish  and  evaporated  to  dryness  again.  This 
time  thewater  in  the  bath  may  bod,  as  there  is  now  no  danger  of 
losing  the  boric  acid,  the  akobol  beíng  all  removed  by  the  řlrst 
evaporation.  The  residue  in  the  dish  i*  then  gently  ignited  o  ver 
a  smAH  fláme  in  order  to  destroy  the  caleium  acetate  *  present; 
it  is  allowed  to  cool  and  is  transferred  by  means  of  a  lit  tle  water 
to  the  crucible  in  which  it  was  originally  weighed .  The  dark-eolored 
linie  and  carbon  remaining  on  the  sides  of  the  dish  are  dissolved 
in  a  lít  tle  nitric  or  acetic  acid  and  washed  into  the  crucible, 
The  oontentfl  of  the  latter  are  evaporated  to  dryness  on  the  water- 
bath,  and,  with  the  cover  upon  it,  the  crucible  ís  ignited  at  hrst 
gently  and  finally  more  stfOllgly  until  a  mnstant  weight is obtained. 
The  increase  iu  weight  reprrsents  the  amount  of  B208. 

Rcmark. — This  inethod  affords  faultless  rcsults,  even  in  the 
presence  of  considcrable  amounts  of  other  salts.  Frec  halogen 
hvdride  or  sulphuric  acid  must  not  be  present  >  for  these  aeids 
form  ecunpound  ethers  with  the  methyl  alcohol  and  distil  over 
with  the  boříc  acid,  with  which  thev  woiild  be  weighed.  Instead 
of  using  lime  in  the  rereiver,  the  methyl  boráte  can  Uk  distilled 
íllto  a  dilute  sohition  of  ammnnium  carbonate,  and  the  latter 
eva M-nated  with  slaked  lime  in  a  platinuin  dish  immediately  after 
the  dHtillation.     The  authnr,  however,  prcfers  the  ftbove  inethod, 

If  one  possesses  a  large  platinum  crucible  (with  a  capaeity 
of  ťrom  SO  tu  100  c,c.)f  the  hrst  evaporation  can  také  pláce  in  this, 
and  it  is  then  advisable  to  pláce  the  crucible  witíiin  a  ring-shaped 
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oopperor  tu  tube  througb  which  steazn  i  ig.  18,  page  29). 

1 11  this  way  the  calcium  acet  DOt  creep  ti|>  over  the  sides 

of  the  disli,  and  there  is  nu  tÍBĎgea  OÍ  any  bnmping, 

Determination  of  Boric  Acid  in  Siticates,  Enamel,  etc. 

The  fmely-puwdered  substance  is  fused  with  four  times  as 
much  sodiuni  eaibonate,  tfae  meh  ia  extracted  with  water,  and 
tbe  aqueoufl  soluttoo  (xmiaiming  all  of  the  boric  acid  is  evaporated 
to  a  small  volume,  aeidificd  with  acetic  acid,  and,  without  regard 
to  any  separation  of  silica,  the  solntion  is  truu-h  rrnl  to  ťhc  <  iooch 

retorl  and  analyjred  aa  above  diiected. 

Ii>mark, — This  determination  can  be  perfornied  in  the  presence 
of  fíuorinc  provided  acetic  and  nut  nitric  acid  is  ušed  to  set  free 
the  boric  acid;  blit,  for  that  matter,  it  is  in  no  čase  advisable 
to  use  nitric  acid  and  it  U  not  perniissible  when  chlorides  are 
prescn  t. 

Determination  of  Boric  Acid  in  Minerál  Waters. 

If  the  water  contains  considerable  boric  acid  (0,1  gm.  oř  more 
of  iy>a  in  a  liter  i,  ;i  m  i^rhed  amount  (from  200  to  300  c.c.)  is  evap- 
orated to  a  sinali  volume,*  the  prci  :  calcium  and  magnesium 
carbonates  are  filteretl  off,  the  filtráte  coricentratcd,  sBghtíy  aeidi- 
fied  with  acetic  acidt  and  analyzed  as  deseribed  on  page  337. 

If  the  water  eontams  only  a  little  boric  acid.  as  i>  trne  in  the 
great  majority  of  cases,  a  large  amount  must  be  taken  for  the 
determination.  From  10  to  15  liters  are  evaporated  in  a  Jarge 
poreelain  dish  to  abnut  1  liter,*  the  ileposited  salts  are  filteretl 
off  (these  nevěr  contain  any  boráte),  washed  thoTOUghly  with 
bot  water.  and  the  filtráte  and  washings  are  evaporated  on  the 
VEteT-b&th  until  a  tnouti  residue  isobtained,  If  this  residue  does 
not.  amount  to  more  than  5  oř  6  gms.  it  is  redissolved,  acidified 
with  acetic  acid,  tnmsfcrred  to  the  (íoorh  rctort,  and  distilled  as 
deseribed  ge  -W7.     Usušily  n  Earger  residue  is  obtained,  meh 

that  it  eannot  be  convcnicDt]  ted  directly,  in  which  caae  the 


*  If  the  water  reaoU  aJkaline,  it  is  at  once  evaporated;  otherwise  enough 
sodiuni  carboaate  solution  is  added  to  make  it  90, 
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boric  aeid  is  extrarted  bom  it.     Foř  this  purpoae  the  reašdtti 
■ddified  with  a  littlo  hvdmchloric  acid,  thoroughly  stiiTed  with 

Ulte  alcohol,  and  by  inrnirs  of  un>rc  of  the  latter  it  is  trans- 
ferred  to  aflask, corkod  up,  and  aliowed  to  Mand  twclve  hourx  whh 
frcquent  fthftkillg,  The  boríc  acid  vvilt  then  be  found  is  the  alen- 
holic  suiuiiniL  The  reriduc  is  fiherad  off,  waahed  with  96  per  crnt. 
alcohol,  diluted  largcly  with  water,  1  gm,  of  Bodlům  hydroxide  m 
added,  the  aloohol  distilled  nfT  (see  Remark),  and  the  liquid  evap- 
Orfttod  until  m  moist    residiio  i^  ohtniiUMl.     This   is  agnin   acidil 

with  bydrochloric  acid  urul  the  above  eactraction  with  aJmhol,  and 
suhsequent  distillation  of  the  alcohol,  after  the  additíoo  OÍ  water 
and  1  gin,  of  Bodium  hydroxide,  is  eepeatecL    If  tbe  residue  sou 

tained  is  not  too  largc,  it  is  ^ently  ignited  in  order  to  deMroy  the  nr- 
panic  matter;  after  extracting  with  water,  the  carbonaceous  residue 
filtered  off,  and  the  filtráte  is  addified  with  ivydrochlí  >rir  acid.  It  i> 
then  matle  slightly  alkaline  with  sodiuin  hydroxide,  after  whirh  jnst 
SBOUgh  aretic  acid  is  added  to  make  the  solution  react  ftCld  again. 
The  solution  thus  preparetl  is  analyzed  as  deseribed  00  page  -'W7. 

Remtirk. — tnless  a  burge  amount  of  water  and  ti""  -odhrni 
hydroxide  are  added,  some  of  the  bone  acid  will  be  vídati  lim! 
with  the  alcohol.  It  is  alwavs  best  to  test  the  alcohol ic  distillate 
for  boric  acid  asfollowa;  Afew  piecesof  turmeric  mot  are  extracted 
with  alcohol,  2-3  drops  of  the  yellow  solution  are  placed  in  aporre- 
lain  dbh,  the  aleoholic  solution  to  he  t estéti  for  borie  acid  and  a  few 
drops  of  acetic  acid  are  added,  after  whirh  tlu:  solution  is  dilutrd 
with  water  and  evaporated  to  dryness  on  the  water-bath.  Acrnrd- 
ing  to  F.  Hena,  if  ns  much  as  TllVtr  rngni.  of  Iwric  acid  is  preoont, 
a  faint  but  distinct  rolnralinn  will  be  evident,  while  the  [ 
of  TÍff  mgin,  will  ti  trong  reddish-brown  ooloration,  which 

on  being  treated  with  aodrazs  hydroxide  is  tu  med  to  the  charac- 
teristic  bluc-blaek  color. 

If  boric  acid  is  found  in  the  aleoholic  distillate,  it  must  be 
again  treated  with  water  and  sodium  hydroxide,  antl  the  alcohol 
once  more  dis  ti  I  led  off. 

MOLYBDIC  ACID,  HaMoOr     Mol.  Wt,  102.02. 

The  determination  of  molylxlic  acid  has  already  been  con- 
rfdered  on  page  221. 


1 
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TARTARic  Acid,  H3C,HA-    Mol.  Wt.  150.06. 

The  composition  ní  free  tartarie  acid  as  woll  as  that  of  the  tar- 
trates  is  deteimincil  by  an  elementary  analvsis,  see  page  323. 

Meta-  and  Pyrophosphoric  Acids. 

These  acids  are  changed  to  phosphoric  acid  and  determined 
as  described  on  page  343, 

IODIC  ACID,  HIOr     MoL  Wt.  175.86. 
Form :  Silver  Iodide,  Agl. 

For  the  determination  <>f  indic  acid  as  silver  iodide,  the  solu- 
tion  of  the  alkali  iodate  is  aeidified  with  sulphiiric  acid.  and  sul- 
plnirous  acid  is  added  until  the  eotution,  which  at  íirst  brcumcs 
yellnw  on  accuunt  of  the  šopami  ion  of  iodine,  is  again  eolorless. 
After  this  an  oxcess  of  silver  nitráte  and  a  eonsiderable  amount  of 
nitric  acid  are  added.  The  snlution  ífl  heated  to  boiling  and  the 
ppecipit&ted  silver  iodide  detennined  as  described  on  page  252. 

li  ífl  not  p€ftIÚBBÍbk  to  chaag<B  the  iodate  to  iodide  by  ignition, 
f<jr  tlie  decomposition  takés  pláce  at  I  tenmcratnrc  above  that 
at  which  the  iodide  itself  begi&fl  to  volatilize.  The  tnmsforma- 
lion  is  therefcre  lutt  qnuntitaúve.  This  h  esperially  true  of 
íiunt  iodate.  which  is  only  changed  to  iodide  UpOO  heating  to  a 
white  heat.     PotaflBUQI  and  silver  tod&tefl  are  much  rnore  readily 

decoznpoeed,  bul  eveo  then  Bome  iodide  is  lost.    Both  iodic  and 

periodíc  acids  may  be  nu>iv  accUT&téfy  drtrnnined  by  a  volutnetric 

proceň  (eee  Part  II,  Imlimetry). 

For  the  determination  of  the  meta!  present  in  an  iodate  it  is 
first  changed  to  tlie  chloride  by  repemted  evaporatioa  with  con- 
centratcd  hydrochloric  acid: 

K309+  6HC1  -  KC1+  m20+2C\+  ICL 
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GROUP  IV. 

PHOSPHORIC.  ABSEN1C,  AB5ÉNIOUS,  THIOSULPHUEKX 

CHUoMIť,  VANA  hic,  AND  PEBIODIC  ACIDS. 

PHOSPHORIC  ACID,  H3P<  \     Mol  Wfc  98.03, 

Forms :  Magnesium  Pyrophosphate,  Mg2Pj07;  Ammonium 
Phosphomolybdate,  (NHJJPO^  i2Mo03j  Phosphomolybdic 
Aiihydride,  P:,05  24M0O.,. 

Determination  as  Magnesium  Pyrophosphate. 

If  the  pfaoBpb&te  is  prosen t  as  an  alkali  phnsphate,  it  is  pre- 
cipitated  as  magnesium  ammonium  phosphate  and  changed  by 
ignition  into  the  pyrophosphati\ 

The  neutral  phosphate  solntion,  containing  not  more  thftO 
5-10  per  cent,  of  ammonium  chloride,*  is  treated  with  an  exeess  of 
"ma^m-sia  niixture"t  (see  page  165,  foot-note),  which  is  added 
quickly  with  stirring,  An  amount  of  nmeentrated  ammonia 
equai  to  one-third  the  volume  of  the  solution  is  added,  and 
the  solution  is  allowed  to  stand  four  hours.  It  is  then  de- 
oanted  thnmgh  a  niter,  the  prceipitatc  rcdissolved  111  as  little 
hydrochloric  acid  as  possible,  a  few  drops  of  magnesia  mixture 
added,  the  solution  made  alkaline  with  dilutc  ammonia,  and 
one-third  of  its  volume  of  strnng  ammonia  again  added.  Afíer 
standing  for  motta  ÍOUř  hours  the  clear  liquid  is  decanted  tlmmgh 
a  filter,  the  predpitate  wuhed  tthraa  times  by  dgeantation  with 
2\  per  rent.  ammonia,  řinally  trans  ferred  to  the  filter  and  thorough- 
ly  washed  with  tliis  dilute  ammonia  solution,  dried  at  100°  and 
ígnited  to  py  rophosphftte  U  deseribed  on  page  63,  From  the 
weight  of  the  latter,  p.  the  aniuimt  of  Fl  >4  is  computed  as  follows: 
MgjP207:2PO^/>:x 

_  ara, 

Rcmark. — Unless  the  highest  degree  of  aceuracy  is  desire' 
single  precipitation   of  the   magnesium   ammonium   phosphate  is 

*Cf.   Neubauer.  Zeit.     f.    angew.    Chem.,    1S96,    p,  439;    and   Gooeh, 
Zeit.  f.  ft&ftL  Ctwm.,  XX,  p.  135. 

•f  Se  ven  oř  eight  cubic  ccntiinetexs  are  suůlcientfor  0.1  gm,  FfiĚ. 
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all  thut  is  oeceseary,  particulariy  when  the  aolution  doee  not  con- 
UÚD  Civeř  10  per  oent,  OÍ  ammomum  ehlíiride,  and  when  DO  great 
ozeeae  of  magnesia  mixture  is  ušed  for  the  pivnpitaiion. 

SUuHon  tmi  BepreoipUatum  ofihe  Igrtfted  Magnesium 
Pyrophófphate. 

If  it  is  desired  tQ  e  the  ignited  precipitate  and  to  repre- 

tipitate  the  phoephorio  acid,  the  erueible  together  with  its  cover, 
is  ptaced  ln  ;i  beoker,  enqugh  water  is  added  t<»  cover  the  cmcible. 

and    then    au    exeess   of   eoiirentrated    iiitric  acid,     The    beaker 
lovered  with  a  iratcb-gfaai  and  its  oontaota  are  beaied  on  the 

water-huth,  the  lúpúd  10  the  beaker  being  otTusionally  mtatod. 
When  the  precipitau?  has  dissnh-rd,  the  heating  is  rontinued  for 
bhree  oř  faur  houn  tanger  in  order  to  make  nira  thaJ  the  pyn>- 
phoephoric  acid  is  eompleteJv  ehanged  to  orthophosphnrie  acid. 
This  changeisalways  completeat  theend  of  thts  time  ií  the  weight 
of  the  magnesium  pyropbosphfcte  wa>  not  over  0,2  gin.  The  time 
nocoBBary  to  effect  thís  tranaformattoo  is  propoittona]  to  the 
ainontit  of  nitrie  acid  ušed 

After  the  liquid  has  been  suřricientlv  heated,  the  rrucible  and 

it-  rover  are  rentoved,  washed  ofT,  a  drop  of  magnesia   mixture 

idded,    and   the   BOhltion    niade   strongly    ammoniaeal.     After 

iding  four  hours  the  proeipitate  is  iiltered,  washed,  and  ignited 

before. 

The  mot  hod  deseribed  on  page  343  for  the  proáptt&tion  <»f 
phosphoric  aeid  is  not  applicable  when  the  substance  contatns 
aikalitie  earthe  oi  heavy  metala.    In  Mieta  cases  the  phoaphoric 

aeid  ahould  be  precipitated  tirst  M  anmnmium  pliosphornoJybdate 
and  the  phosphoru:  and  in  ťliis  preeipitute  detennined  by  0H6  Ol 

the  foUawing  mrti, 

i.  Determination  of  Phosphoric  Acid  as  Magnesium  Pyro- 
phosphate  after  Previous  Precipitation  as  Ammonium 
Phosphomolybdate* 

This  tnetbod,  hrst  propoeed  by  Sotmenscbem,  has  experienced, 
in  the  courae  of  time.  a  great  many  modificatiora  and  of  these,  that 
(»f  Wov  *  will  be  deseribed,  for  it  f  the  quiekeat  and  mott 

♦Chem.  Zeít.Sl,  p  412 
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aeeurate.     It  may  be  mentioned  that  the  molvbdate  method  is 
ahvays  applieable  when  the  phosphoiie  acitl  ■  ■  -nt  as  orthn- 

phosphttte,  ÍTTespective  of  what  metali  are  iu  snlution. 

Prineiple, — If  a  solutimi  eontaining  phosphoric  acid,  in  the  | 
enee  r»f  ammoniuni  nitráte  and  suffieient  nitrie  acid,  U  treated  with 
a  slizli t  excess  of  ammonium  molvbdate  and  heated  just  to  the 
I  m  hi ]i iiic-| >•  ulit  P  allof  the  phosphoric  aeid  is  immediaM.y  preeipitetod 
íis  yellmv  ammonium  phosphomnlybdate.  Aeeording  to  Hitnde- 
ahagea,  the  precipitate  poflňCflPOO  the  followíng  cnmposition: 
(NH^PO,  *  12MoO,  •  2HNO,  ■  H20. 

and  always  eontaíns,  when  sufficieat  molybdic  acid  is  present  24 
moK  of  UoO|  to  1  mol.  IW  H  nevěr  cuntains  umře  mojyhdir*  acid 
than  rnrresponds  to  the  above  forrmila.  blit  is  always  soine  what 
COnt^nÚnated  with  sniall  ammiiits  of  the  feases  in  solution,  even 
when  only  alkahes  are  present-  IfT  however,  after  deeanting  off 
tlie  supematant  liijuid,  the  precipitate  is  dissolved  in  ammorua,  a 
little  laofe  aninumium  niolybdateadded,  and  the  boiling  Bobltioo  re- 
preripitated  by  the  addition  of  nitrie  acid,  it  is  then  obtained  pure. 
It  must  also  be  noted  that  the  solution  may  entitám  neither 
silicie  acid  nor  ur^anic  snhstances *  and  only  a  small  amount  of 
chloride  (best  none  at  all)»  bot  there  must  be  nmsidrrable  free 
nitrie  aeid  procontj  1  gm.  of  P,0&  requires  11.6  gms.  of  BN0SI 
but  as  imtch  as  35,5  gm,  of  tho  latter  acid  does  no  harm;f  The 
precipitate  will  diseolve  somewhat  if  more  nitrie  acid  than  the 
abnve  quantity  is  ušed,  but  the  addition  of  ammonium  molvb- 
date  deereases  the  sohibility  of  tho  pivripitate  ÍB  nitrie  aeid ;  1  gm. 
of  ammonium  molvbdate  makes  55.7  gms.  of  nitrie  aeid  iuarlivr. 
The  presence  o f  ammonium  nitráte  aot  míly  facilitates  the  forma- 


*  According  to  Hundeshageu  (Zeit.  f,  anal*  Chnn.,  2K,  p.  104)  and  Eggertz 
(Jour  f-  prak.Chcm.,  79,  p.  49tí)  the  presence  of  tnrtarie  and  oxalic  aeíds  hin- 
the  formát  ion  of  tho  yellow  preeipitate,  and  in  gotne  eaf*es  prevents 
it  enťjrely.  Aocording  lo  Hans  v.  Juptner  (Owtcrť.  Zeit.  fur  Berg-  u. 
Huttenw.,  l$9\t  \x  4711  l  his  is  not  the  čase;  he  even  recoimiicnds  that 
tartAfk  ftdd  be  added  í>*r  the  detemiination  of  pbogphOTUa  in  iron,  on  the 
grouiid  thftt  it  prevents  tlie  prcrifúlaU*  being  containinated  with  molybdic 
aeid  and  ferric  oxide. 

t  Thesi-  Bgum  tn  iak*-ii  fopm  exp Brimental  data  furmshed  by  Hun- 
dwhlgtin  They  do  not  refer  lo  the  above  funnula  given  tlie  yellow  pro* 
ftpitatc— [Translatord 
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tion  of  the  precipitate,  but  its  presence  is  absolutely  necessary, 
although  about  5  per  cent,  is  sufficient. 

Solid  ions  Requ  ired, 

1.  A  3  per  cent.  solution  of  ammnnium  molybdate  obtained 
by  the  solution  of  120  gms.  commercial  ammonium  molybdate,, 
(XII4)flMo703i+4H,Ot  in  4  litera  of  water  (1  c.c.  of  this  solution 
will  pimpitata  0.001  gm.  P;08). 

2.  A  solution  of  ammonium  nitráte,  obtained  by  dissolving 
340  gms.  of  ammonium  nitráte  in  1  liter  of  water, 

3.  Nitric  acid,  sp.  gr,  1,153  (containing  25  percent.  H\Oa). 

4.  As  waah  liquid,  200  gms.  ammonium  nitráte  and  160  c.c„ 
of  nitric  acid  dissolved  in  4  Jiters  of  water. 

Woyfé  Method  oj  Precipitation. 

In  all  cases  50  c.c.  of  the  solution  are  laken,  containing  at  the 
nu  et  0.1  gn.  P305.  If  the  solution  eontains  more  tlum  this  amount 
of  phosphoric  acid,  an  aliquot  part  fa  ušed  for  the  analysis  and 
the  volume  of  the  port  ion  taken  is  diluted  to  50  cr. 

This  amount  of  the  neutral  or  slightly  aeid  (HNOa)  solution 
is  placed  in  a  400-c.e.  beaker  and  to  precipitate  0,1  gin,  of  F,<\ 
30  c.c,  of  ammonium  nitráte  solution  and  10-20  c,c.  of  nitric  acid 
are  added  and  the  solution  is  heated  until  bnbblrs  begm  to  tipe, 
At  the  samé  time  the  required  amount  of  ammonium  molybdate 
solution  (in  this  čase  120  c.c.*)  is  likewise  heated  until  it  begins 
to  boil,  and  then  transferred  to  a  separntory  fiinnel  and  allowed 
to  run  in  a  thin  streani  into  the  middle  of  the  phosphate 
solution,  which  is  rotated  while  the  molybdate  Bolution  is  being 
added.  The  yellow  ammonium  phosphomolybdate  is  at  once 
thrown  dowil  and  the  separation  is  quantitative,  The  contents 
of  the  beaker  are  kept  in  motion  toř  about  one  minuté  more  and 
then  allowed  to  stand  for  fifteen  min  útes,  when  the  clear  liquid 
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is  poured  through  a  filter,  the  precipitate  is  washed  once  by  decanta- 
tion  with  50  c.c.  of  the  wash  liquid  and  then  dissolved  in  10  c.c. 
of  8  per  cent.  ammonia.  To  this  solution  20  c.c.  of  the  ammonium 
nitráte  solution,  30  c.c.  of  water,  and  1  c.c.  of  ammonium  molybdate 
are  added.  It  is  heated,  as  before,  until  bubbles  begin  to  rise, 
when  the  phosphoric  acid  is  reprecipitated  by  the  addition  of  20  c.c. 
of  hot  nitric  acid,  added  drop  by  drop  through  the  samé  funnel 
that  was  ušed  for  the  molybdate  solution,  the  solution  being  rotated 
as  before.  The  precipitate  is  immediately  formed  and  is  now 
pure.  After  standing  ten  minutes  it  is  filtered  off  and  dissolved 
in  warm  2 \  per  cent.  ammonia,  after  which  nitric  acid  is  added  until 
the  yellow  precipitate  produced  dissolves  only  slowly  on  being 
mixed  with  the  solution.  Now,  for  every  0.1  gm.  of  P206  present, 
10  c.c.  of  "magnesia  mixture"  and  one-third  of  the  volume 
of  concentrated  ammonia  are  added.  After  standing  four  hours 
the  supernatant  liquid  is  poured  off.  The  precipitate  is  washed 
four  times  by  decantaticm  with  50  c.c.  of  2\  per  cent.  ammonia, 
then  dissolved  in  as  little  hydrochloric  acid  as  possible  and  repre- 
cipitated by  the  addition  of  strong  ammonia,  the  analysis  being 
completed  as  described  on  p.  343. 

The  determination  can  be  much  more  quickly  accomplished, 
and  in  the  authoťs  opinion  more  accurately,  by  one  of  the  follow- 
ing  procedures,  particularly  that  of  Woy  (p.  348,  3). 

2.  Direct   Determination   of   Phosphoric   Acid   as   Ammonium 
Phosphomolybdate  (Finkener).* 

The  precipitate  produced  as  described  under  1,  having  the 
íollowing  composition, 

(NH4)sP04-  12Mo08.2HN08-HaO, 

is  transformed  by  heating  for  a  long  time  at  160-180°  C.  into  pure 
ammonium  phosphomolybdate  of  the  composition 

(NH4)sP04.12MoO* 

Theoretically  this  substance  contains  3.782  per  cent.  of  P205. 

If,  therefore,  the  amount  of  yellow  precipitate  (dried  until  its 
weight  is  constant)  is  multiplied  by  0.0378,  the  actual  amount  of 

*  Berichte,  11  (1878),  p.  1640. 
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r  <  v  preae&l  ehould  beobtained.  ThoresidtsobtainedbyFinkener, 
hnwoviM-,  weře  accorata  only  wheo  tfae  factor  o.o:í7íi4  *  was  ušed. 
Hundeshagen,t  on  ttw  ether  hand,  found  that  the  factor  (X03753 
-IkuiM  be  ušed,  and  this  has  been  confirmed  by  experimente  per- 
formed  ío  the  autho/a  Iaboratoiy4 

Proceduře, — The  phosphorio  acid  ta  preeipitated  twice,  accnr  I- 
ing  to  the  dircctions  of  Wbj  (p.  340),  with  iimimmium  molyl>- 
date;  the  přeci  pitate  ta  Kltered  through  a  Gooefa  crucible,  waahed 
with  the  pmcribed  mixture  until  no  further  brown  Dobratkm 
ia  produced  by  K^Fc  and  dried  in  a  current  of  air  at  160° 

C.  in  a  Paul\s  drying  oven,  unii]  a  coiistant  wcitrhí  ta  nbtained. 
li  t lie  precipitatr  ahotlld  beOOt&e  slightlv  greeni&tlj  a  small  crystal 
of  ammoiiium  nitráte  and  OHe  of  ammonium  rarbímate  are  added 
and  the  contents  of  Ůtíč  enicible  again  heated,  whercby  tíie  pře- 
cipitate  will  at  onee  assume  a  bomogeneotlfl  vellnw  cnlor. 

nark. — The  reeuHs  of  HazKleabagea  and  Stella  n  show  that 
this  method  gives   ven    exact   results.     Steffan  WQffced   piecÍBafy 

ffdÍBg  to  the  direetions  of  Finkener,  precipitating  the  phos- 
phurin  acid  in  the  cold  with  a  88j  per  cent.  snlutioii  of  aininonium 
iTiulybdate  and  filteling  after  itadUng  tw» 'iity-four  hours.  It  is, 
however,  not  necessarw  :i*  Blffldeahagan  has  showu,  tt>  work  with 
Buch  a  ooncentrated  solutáon  of  ammoninin  niolybdate;  the  pre- 
eipitation  from  a  bot  solutton  with  a  3  per  cent.  molybdate  solu- 
tion  vields  just  as  aeciirate  results  and  the  solution  does  not  háve 
to  ifeaod  90  krag  befofce  Uteiiog.  Etan  whesy  Uod  ta  present  this 
method  pvea  good  ret  D  that  it  is  to  be  reconimended  for  the 

determination  of  phosplmnis  in  ifOD  and  steel. 

3.  Determination  of  Phosphoríc  Acid  as  Phosphomolybdic 

Anhydríde  (Woy), 
The  precipitate,  produeed  in  the  samé  aray  as  before,  is  gentlv 
ígoited,  wheréby  a  grernish-black   residur  remaiiis  of  the  com- 

itfcra  24MoO,*PAi  wilh  3.9*6  per  cent.  of  P2Os.     The 
cipitate  is  ignited  aa  folio ws:    Upon  the  bottcro  of  a  tiickel  cm- 

■  Lóe   rit 

fZ.it    f  ;,r,r,l   t  1„iu.(  XXXII  H4. 

uáng  50  c.c,  of  a  potaasium  phosph»tt>  solutioTi  eoatatniqg 
0.0989  gm.  Ppt,  m  lom  Umná  O.QJHH,  0.DSMÍ4,  0.0995,  00992 
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cible  is  placed  a  disk  of  ignited  asbestos  páper  about  2  mm.  thick, 
oř  the  porcelain  plate  of  a  Gooch  crucible  may  be  ušed.  Upon 
this  is  placed  the  Gooch  crucible  containing  the  precipitate,  which 
is  covered  with  a  watch-glass  and  heated  at  first  gently  and  finally 
until  the  bottom  of  the  nickel  crucible  is  at  a  dull-red  heat.  When 
the  precipitate  has  become  of  a  homogeneous,  bluish-black  color, 
it  is  allowed  to  cool  in  a  desiccator,  after  which  the  covered  cru- 
cible is  weighed. 

This  method  is  rapid  and  gives  good  results  in  the  presence 
of  iron  and  aluminium.* 

Determination  of  Phosphorus  and  Silicon  in  Iron  and  Steel. 

The  determination  of  these  two  elements  is  usually  effected  in 
the  samé  sample,  and  in  all  cases  the  silicic  acid  must  be  removed 
before  the  precipitation  of  the  phosphoric  acid. 

Since  phosphorus  and  silicon  are  present  in  the  iron  as  phos- 
phide  and  silicide,  a  too  dilute  nitric  acid  must  not  be  ušed  for  dis- 
solving  the  sample  oř  there  will  be  a  loss  of  volatile  phosphides 
and  silicides. 

Determination  of  the  Silicon. 

About  5  gms.  of  the  iron  borings,  after  having  been  washed  with 
ether  (cf.  p.  178,  foot-note),  are  placed  in  a  500-c.c.  beaker  under  a 
good  hood,  covered  with  60  c.c.  of  nitric  acid  (1  vol.  concentrated 
acid,  sp.  gr.  1.4,  and  1  vol.  of  water)  and  a  watch-glass  placed 
upon  the  beaker.  A  violent  reaction  at  once  takés  pláce  and 
brown  vapors  are  evolved.  As  soon  as  the  action  slackens, 
the  beaker  is  placed  upon  wire  gauze  and  ite  contents 
boiled  gently  until  all  the  iron  is  dissolved  and  no  more  brown 
vapors  are  evolved.  The  contents  of  the  beaker  are  then  washed 
into  a  250-c.c.  porcelain  casserole,  evaporated  on  the  water- 
bath  to  a  syrupy  consistency,  and  then  heated  over  a  free  fláme 
to  dryness,  constantly  stirring  with  a  glass  rod.  Care  is  taken 
during  this  operation  that  a  cake  of  basic  ferric  nitráte  does  not 
adhere  to  the  bottom  of  the  dish,  as  in  this  čase  the  latter  will 

*  Steffan  found,  in  the  analysis  of  50  c.c.  of  a  potassium  phosphate  solu- 
tion  containing.  00989  gni.  PaOc,  0.098S,  0.0992,  0.0986  gm.  P20.;  and  in 
a  solution  of  5  gms.  of  iron  in  the  form  of  ite  nitráte,  this  method  gave  0.0099 
gm.  PaOi,  and  the  samé  result  was  obtained  by  the  method  of  Finkener. 
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surely  brcak  during  the  Sttbaequent  ignition.  The  drv  mass 
should  at  the  end  be  redueed  to  n  loose  powder.  When  tbífl  point 
U  reached,  the  eontentsof  the  dísh  areignitcd  untilall  of  tba  ferrie 
nitráte  ifl  changed  k>  oxide,  which  is  accomplished  when  no  more 
brown  fumes  are  expolled.  By  this  proceduře  all  organic  matter 
totmeá  by  the  r.xidniiuu  of  hydíDoaxboai  [g  dtttxoyed  and  the 
silicic  aeid  ifl  dehydrated,  After  cooling,  the  n-ulur  i>  rovcn-d 
with  50  c.c,  of  conreritratcd  hydroehlorie  aeid  and  heated  with 
constant  stirring  almost  to  the  boiling-point.  ThlB  dissulves  the 
ferrie  oxide  and  phofiphtttej  while  the  silicie  aeid  rernains  bchind.* 
When  all  of  the  iron  oxide  has  dissolved,  the  BOlutioo  ís  evap- 
orated  to  dryness,  mnistened  with  2-3  e.C.  of  hydrorhloric  aeid, 
allowed  to  stand  for  twenty  minut est  after  whieh  water  is  added. 
After  heating  the  liquid  to  boiling  the  silicie  aeid  is  filtered  off 
through  a  small  filter,  washed  with  water  containing-  hydroehlorie 
aeid  and  finally  with  pure  hnt  water.  The  nUfia  is  ignited  wet  in  a 
platino m  eracible  and  weighed.  The  silica  thus  ohtained  usually 
contains  ferrie  oxide,  so  that  its  purity  must  be  tested  in  all  cases. 
For  this  purpose  it  is  covered  with  1  e.e.  of  water,  a  drop  of  diluto 
sulphuric  aeid  and  2  e.e.  of  pure  hydrofluoric  aeid  are  added,  and 
after  evaporating  on  the  water-bath  as  far  as  possible,the  exeess  ol 
sulphuric  aeid  Ís  renioved  by  placiiig  the  enieihle  on  a  triangle  in 
an  inclined  position  and  carefully  heating  by  means  of  a  inoving 
fláme.  As  soon  ifl  no  more  vapors  of  sulphuric  aeid  are  given  off, 
the  eontents  of  the  crucible  are  more  strongly  ignited  and  the 
řOStdtM  of  ferrie  oxide  is  weighed.  This  amount  deducted  from 
the  weight  of  impure  siliea  gives  the  amount  of  pure  silica,  pt 
from  wliieh  the  amount  of  silieon,  xf  can  be  ealculated  as  follows: 

Si02:Si=p:x 


x  = 


ws;m* 


and  ín  per  cent.,  where  a  is  the  amount  of  iron  taken  for  the  analysis, 

,    100  Si  p  h  oa 

r  —  -77777  -•-  =  per  cent , 


•  If  graphite  irete  orígíually  pre&ent  ít  remaina  with  the  siliea. 
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Remark\— If  the  impure  silica  was  grayish  colored  (as  fa  ah 
the  čase  when  graphite  fa  present)  it  ís  not  weighed,  but  a  little 
pure  sodium  carbonate  ud  piiMiHUiljIU  nitráte  are  added  to  the 
mu  tento  of  the  cracible  and  by  fusltig  the  graphite  fa  completely 
oxidized.  The  melt  is  placed  in  a  small  poreelain  dish  and  dissolved 
in  water.  The  solution  is  acidified  with  hydrochloric  acid,  evap- 
onited  to  dryness  on  the  water-bath,  mofatened  with  a  little  con- 
centrated  hydrochloric  acid,  diluted  with  water  and  filtered.  The 
residual  silica  fa  ignited  wet;  a  fnrther  purifieation  of  the  silica 
is  unnecessary. 

Dťtťrminntion  of  Phos-phorus. 

In  the  hydrochloric  acid  filtráte  from  the  silicíc  acid  all  the 
phosphorus  fa  present  in  the  fonn  of  phosphoric  acid.  The  latter 
is  determined  aecording  to 

(a)  The  Aeetate  Method  oř 

(6)  The  Molybdate  Method. 
Both  methods  give  equally  good  results,  judging  from  experimente 
jM/ifonned  in  the  authoťs  laboratory. 

(a)  The  Aeetate  Method  of  A.  A.  Blair. 
The  filtráte  from  the  silicic  acid  fa  diluted  in  a  beaker  to  a  volume 
of  about  400  c.c.  and  ammonia  is  added  until  a  permanent  preeipi- 
tate  of  ferric  hydroxide  fa  produced.  The  liquid  fa  then  treated 
with  200  c.c.  of  a  saturated,  aqueous  solution  of  sulphurous  acid 
and  slowly  heated  to  boili&g.  The  precipitate  -nf  ferric  hydrox- 
ide soon  dissolves  and  the  liquid  assumes  a  dark  rcddfah-brmvn 
color,  which  on  fnrther  hcating  becomes  a  light  green,  or  almort 
colorless.  As  soon  as  thís  point  fa  reached,  1(3-20  c.c.  of  concen- 
trated  hydrochloric  acid  are  added  and  a  current  of  carbon  dioxide 
is  eonduoted  Loto  the  cnlorless  Bohitiofi  until  the  excess  of  sul- 
phurous acid  fa  removed.  The  solution  is  now  cooled  by  placing  the 
beaker  in  cold  water,  after  which  1  or  2  c.c.  of  chlorine  oř  bromine 
water  fa  addal  to  oxidíze  a  part  of  the  iron.  To  this  solution 
ammonia  is  added  very  slowly  with  constant  stirring  until  the 
greenish  precipitate  of  ferrous-ferric  hydroxide  dissolves  with 
difficitlty.  The  addition  fa  then  continued  drop  by  drop  until  a 
distinct  brown  precipitate  is  formed,  which  on  stirririg  I 
green.     If  before  this  oceurs  the   precipitate  does  not  appear 


35 2      GRAViMETRIC  DETERM1NATION  OF  THE  METALLOIDS. 

decidedly  red  in  eolor,  it  is  dissolved  in  íi  drop  oř  fcwo  of  hvdro- 
ohloric  aeid  aed  1  oř  2  c.c.  more  of  chlorine  or  bromine  water 
is  added,  and  the  addit.ion  of  ammonia  is  repeated  uniil  the  per- 
manent green  oř  brownish  precipítate  is  nhtained.     Acetic  acid 

iow  added  drop  by  drop  until  the precipítate  rediflsolves3  orat 
any  rate  becottM  whife  in  eolor,  when  the  solution  ia  heatcd  to 
boiling  and  kept  at  tliis  temperature  for  one  minuté.  All  of 
the  phodphotic  acid  is  thus  prccipitated  as  hasič  ferric  phosphate 
while  the  excess  of  the  ferric  salt  is  thrown  down  as  basic  ferric 
acetate.  The  solution  is  filtercd  through  a  large  filter  and  washed 
Míire  with  hot  water.  The  precipítate  filters  readily  and  the 
filtráte  is  at  first  elear,  but  beooniee  turbid  on  stapding  in  the  air. 

The  precipítate  adhenng  to  the  sides  of  the  beaker  is  dissolved 
by  wanning  WÍth  a  mixture  of  hydrochlorir  acid  (1*1)  and  10 
of  bromine  water,  Shoultl  this  not  be  suíhcicnt  to  eíTect  com- 
plete  solution  (as  Is  usually  the  čase)  enouiíh  mnrentrated  hydro- 
cldoric  acid  is  added  to  accomplish  this.  The  solution  is  then 
pourcd  upon  the  filter  coniaining  the  precipitate  and  the  filtráte 
received  in  a  small  beaker.  The  filter  is  washed  well  WÍth  hot 
unter  and  the  solution  is  evaporated  nearlv  to  dryness  to  get 
rul  of  the  excess  of  hydrochloric  acid,  5  c.c,  of  a  50  ]x*r  cent,  citric 
ariil  solution  are  added,  an  equal  amount  of  magnesia  mixture 
and  cnough  arnnionia  to  make  the  solution  faintly  alkaline.  When 
perfcctly  cold,  one-half  of  the  liquiďs  volume  of  strong  arnnionia 
is  added  and  the  mixture  well  Ftirred.  After  standing  twelve 
hours,  the  precipítate  is  filtercd  off  and  washed  with  24  per  cent, 
ammonia  eontaining  2,5  gms.  of  ammonium  nitráte  in  each  100  e.c. 
This  precipítate  úf  magnesium  ammonium  phosphate  ahvays  con- 
tains  a  small  amount  of  iron  and  silieic  acid  (the  latter  from  the 
0  that  it  is  dissolved  in  hvdrochlorie  acid,  the  solution  evapo- 
rated  to  dryness,  the  rcsidue  moistened  with  concentrated  hydro- 
chloric  acid,  taken  up  in  a  lit  tle  water,  filteml  through  a  small 
filter  and  the  residual  silica  washed  with  hot  Wfeter.  The  filtráte, 
amount  ing  to  not  over  20  c.c.  at  the  most,  ia  tn-ated  with  1  c.c. 
of  the  citric  aeid  solution  and  two  drops  of  magnesia  mixture 
and  the  preeipitation  with  arnnionia  is  repeated  as  above.  Ia 
this  way  a  precipítate  is  obtained  which  yields  pure  magnesium 
pyrophosphate  on  ignition. 
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Ihmark. — Blair  reoommepdfi  the  use  ol  ammonium  bisulj 
(NH4Hř?Oa)  instead  of  sulphurous  acid  for  the  reduction  of  the 
ferric  aalt.  Much  of  the  ai  ni  minium  bisulphite  of  eonimeree,  how- 
ever,  contains  phosphoric  acid,  so  that  it  seems  safer  to  use  sul- 
phurous acid  for  this  purpose.  Agaín,  Blair  sugge&tfi  that  hydro- 
gen  sulphide  bc  passed  iiito  the  solution  after  the  excess  of  the 
sulphurous  acid  has  been  remnved,  in  ordcr  to  precipitate  :my 
arsenic  as  the  trisulphide.  The  filtráte  froin  the  arsenic  precipitate 
is  heated  to  bniiing,  the  excess  of  hydrogcn  sulphide  expelled  by 
meatis  of  a  cuircnt  of  carbon  dioxide,  and  the  solution  then  partly 
oxidized  as  above  described. 

(h)  Tht  Molybdate  Mrthod. 
The  filtráte  from  the  silica  (see  p*  350)  is  evaporated  to  dry- 
ness  in  a  porcelain  dish,  the  dry  residue  is  dbsolved  in  as  little 
nitric  acid  as  possible,  30  c.c.  of  ammonium  nitráte  solution  and 
10  c,c.  of  nitric  acid  are  adrled,  and  the  phosphoric  acid  is  precipi- 
tated  according  to  the  proceduře  of  Woy,  p.  346.  by  the  addition 
of  75  c.c.  of  ammonium  molybdate.  After  decanting  off  the  dear 
líqiiid,  the  precipitate  is  w&áhed  nnee  by  decantation  with  10-20 
c.c.  of  the  prescribed  wash  liquíd  and  rolissolvcd  in  a  little  aimno- 
nia.  To  this  solution  6  c.c,  of  molybdate  solution  and  30  c.c. 
of  water  íire  added;  it  is  heated  just  to  the  boiling-point  and  re- 
precipitated  by  the  addition  of  20  c.c.  of  hot  nitric  acid,  The 
precipitate  is  then  analyzed  by  the  method  of  Finkener  (p.  347) 
oř  by  that  of  Woy  (p.  348), 

1  gm,  UftFyOi  -0-27837  gno,  P 

(NH4)3P(>r12MoOs=0.01639    u    " 


P,Oi-24MoOl 


-0.01723 


Determinatíon  of  Phosphoric  Acid  in  Silicates. 

Tn  the  analysis  of  .silicates  (see  p.  889)  the  phosphoric  acid  is 
found  ID  the  precipitate  produced  by  am  morda  in  the  filtráte 
from  the  silica  together  with  iron  and  aluminium  hydroxidea. 
It  is  analyzed  according  to  p.  97, 

Petermiriatíoii  of  Phosphoric  Acid  in  Minerál  Waters, 
The  oontente  of  i  Wl  liter  rlask  is  acidified  with  hydrochloric 
acid  and  evaporated  to  dryness,  the  residue  is  moistened  with 
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eoueentrated  hydrochloric  acid,  taken  up  with  water,  and  the 
siliťic  acid  filtered  ofT.  The  filtráte  is  precipitated  with  ammonia, 
by  wbich  means  the  phosphoric  acid  is  usually  eompletely  thrown 
down  in  the  form  of  phosphate  of  iron,  aluminium,  Oř  alkaline 
earth.  The  filtered  and  washed  precipitate  is  dissolved  in  nitric 
acid  and  the  phosphoric  acid  prese nt  dctermincd  according  to  one 
of  úív  molybdate  methoda  (np.  346-349). 

Rcmark* — If  the  minerál  water  does  not  contain  much  iron, 
aluminium,  or  alkaline-earth  metal,  but  is  rieh  in  phosphoric  acid 
and  the  aikalies,  the  precipitate  produced  by  ammonia  will  not 
contain  all  of  the  phosphoric  acid.  In  such  a  čase  the  hydrochlm  h 
acid  solution  from  the  silica  is  evaporated  several  tinies  to  dryness 
with  Hitrifl  acid,  tlít-  reeidue  is  dissolved  in  as  little  nitric  acid 
as  possibie,  and  the  phosphoric  acid  determined  by  one  of  the 
molybdate  niethods. 


Rccovery  of  Molybdenům  Residues  (H.  Bonitr&ger).* 

In  practice  the  great  majority  of  phosphoric  acid  determina- 
tions  are  carried  out  according  to  p.  344,  The  acid  and  am- 
moniacal  filtrát  es  containing  molybdenům  are  sával,  and  the 
molybdenům  is  recovered  as  follows:  Into  a  larget  wide-mouthed 
Hask  250  c.c.  of  strong  ammonia  are  placed  and  the  molyb- 
denům filtrates  are  added  to  this.  Either  immediately  or  after 
Btanding  snnie  time  a  crystaUine  deposit  of  almost  pure  molybdic 
acid  is  fonued.     When  the  flask  is  nearly  íullt  the  solution  is 

da  alrnost  neutral,  the  precipitate  allowed  t<«  set  tle.  and  the 
upper  liquid  containing  only  a  sniall  amount  of  molybdemm 
poured  ott*     The  residue  is  poured  upon  a  suction  plate,  washed 
once  with  water  (not  more,  or  the  molybdie  acid  will  dissnlve) 
and  sueked  as  drv  i  hle.     The  precipitate  Ls  dissolved 

warming  with  as  little  ammonia  as  possibie,  leaving  behind  a 
reeidue  of  iron  and  aluminium  hydroxides,  magnesia,  and  silicic 
acid.  These  are  filtered  off  and  the  solution  diluted  with  dis- 
tilled  water  nutil  at  17°  C\  it  has  a  Bpeoifio  gravíty  of  1,11  =  14°  Bé- 
It  then  contaius  L50gms.  of  ammonium  molybdate  in  a  liter,     If 


♦Zeit,  f,  anal.  Chem.,  XXXITI  (ÍSÍM),  p.  341. 
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this  solution  ia  diluted  with  four  times  as  much  water,  a  3i  per 
cent.  solution  will  be  obtained. 

Determination  of  Phosphoms  in  Organic  Substances. 

The  substance  is  deconiposed  by  the  method  of  Caritis.  By 
the  action  of  the  ni  tne  acid  in  the  dosed  tube  the  phosphorus  is 
oxidized  to  phosphoric  acid  and  this  is  determined  as  umtaL 

SEPARÁTNÍ!  OF  PHOSPHORIC  ACID  FROM  THE  METALS, 

i.  Separation  from  the  Metals  of  Groups  I  and  II. 

Hydrogen  sulphide  is  conducted  into  the  hydrochloric  acid 
solution,*  by  which  means  all  the  membera  of  these  groups  are 
precipitated  as  sulphides  while  the  phosphoric  acid  remains  in 
solution. 

2.  Separation  from  the  Metals  of  Group  III, 

(a)  The  phosphoric  acid  is  fiist  precipitated  as  ammonium 
phosphomolybdate  according  to  p,  346.  In  order  to  determine 
the  metals,  the  solution  containing  molybdenům,  but  free  from 
phosphoric  acid,  is  evaporated  with  the  addttíon  of  sulphuric 
acid  to  a  syrupy  consistency,  and  carefully  heated  over  a  free 
fláme  until  the  nitric  acid  is  expelled.  After  cooling,  the  residue  is 
moistened  with  hydrochloric  acid  and  taken  up  in  water.  The 
solution  is  placed  in  a  pressure-flask,  saturatcd  with  hydrogen 
sulphide,  the  flask  stoppered  and  heated  for  some  time  on  the 
water-bath,  when  the  molybdenům  is  precipitated  in  large  flocks. 
After  cooling,  the  pressure-fLask  is  slowly  opened  and  the  molyb- 
denům sulphide  is  filtered  off,  The  filtráte,  now  free  from  phos- 
phoric acid  and  molybdenům,  is  analyzed  for  the  metals  aa 
described  on  pages  75  to  132. 

(b)  The  phosphoric  acid  is  separated  as  before,  the  filtráte 
is  niade  slightly  ammoniacal  and  saturated  with  hydrogen  sul- 
phide. After  standing  for  some  time  the  solution  beconií-s  red- 
dish  yellow  in  color,  when  the  precipitate  is  filtered  ofT.  The 
metals  of  this  group  will  be  found  in  the  precipitate  while  the 
molybdenům  is  in  the  filtráte  in  the  fomi  of  its  sulpho-salt. 

*  When  sílver  ia  preaent  it  ia  precipitated  aa  lilver  chloride,  filtered  off> 
and  lbe  filtráte  treated  with  hydrogen  eiilphide. 
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Remark. — If  nickcl  is  present,  Bome  of  it  will  reinain  in  the 
filtráte  with  the  molybdenům  on  account  of  the  solubility  of 
nickel  suJphide  in  ammonium  sutphide,  so  that  niethod  (</)  will 
then  give  more  accurate  results. 

3.  Separation  oř  Phosphoric  Acid  from  Iron,  Cobalt, 
Manganese,  and  Zinc. 

In  čase  the  solution  contains  iron  in  the  ferric  fonnf  it  is  aeidi- 
fietl  with  hydrochlorio  acid,  saturated  with  hydrogen  sulphide, 
and  fot  eaeh  gTam  of  the  niixed  oxídes  3  gms,  of  tartarie  acid  are 
added;  the  solution  is  made  slightly  atnmoniacul  and  allowed 
to  stand  nvernight  in  a  stoppered  íla^k.  The  preeipitate  Bon- 
tains  the  metala  as  sulphides  free  from  phosphoric  a  (id.  It  is 
filtcred,  washed  with  water  containing  ammonium  sulphide,  dis- 
solved  in  acids,  and  anály  zed  according  to  pp,  121  and  129, 

4.  Separation  from  Chromic  Acid, 

If  the  solution  contains  free  alkali  oř  alkali  carbonate  it  is  acidi- 
fiod  with  nitric  acid,  then  matic  slightly  alkaline  witli  ammonia 
and  the  phosphoric  acid  precipitateď  with  "  magnesia  mixture,í  as 
described  on  page  343. 

5,  Separation  from    Calcium,  Strontium,  Barium,    Magnesium, 
and  the  Alkalies. 

Ammonium  carbonate  ifl  added  to  the  hydroehlnric  acid  .solu- 
tion until  a  slight  permanent  turbidity  *  is  produeed,  which.  is 
rcdissolved  by  a  fcw  drops  of  hydruchloric  acid.     Ferric  chloride 

lien  added  drop  by  drop  until  the  liquid  above  th<-  yellowish- 
wbile  precipitate  of  ferric  phosphale  beoomoe  distinctly  brown 
1:1  ook>r      The  solution  is  diluted  with  water  to  a  volume  of  300 

tOO  ť.c,  boiled  for  ono  minuté,  filtered  and  washed  with  water 
runmonium  ac  In    the    filtráte    are    now  found 

the  alkaline  earths  and  alkalies,  whieh,  afler  expelling  the  am- 
mnimno  salta  by  isjíiting  the  residue  obtained  after  evaporating 
dryttfttd,  ifl  analyaed  in  the  usunl  way  (secpages  40  and  70  fTV). 

*  If  only  alkaHea  are  preacnt  there  will  be  no  turbidity,  and  the  ammo- 
nium carbonate  is  added  until  the  solution  is  neutral. 
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THIOSULPHURIC  ACID,  II,S2CV     ^(1    Wt  1  H.14. 
Form:   Barium  Sulpbate,  BaSO«. 

The  aqueous  solutiun  oř  Ihe  alkali  thioHilphate  is  tn 
with  au  ammoid&ea]  sohition  of  hydrogen  peroxide,  of  with  am- 
moniaeal  percarbonatesolution,  heated  for  some  time  on  thewaTn- 
bath,  and  theli  boiled  to  destroy  tfae  exces*  of  tfafi  n^imut.  This 
solutíon  ifl  aeídiSed  with  hydrochloric  acid  and  the  sulphurie 
acid  formed  by  the  above  tieattnent  is  prccipitatcd  as  barium  sul- 
phate.    Twíi  mola.  BaSO^  oarreepeod  to  1  mol.  H2s2os. 

A  nmch  better  proceduře  fnr  the  eetimatioo  of  thiosulphuric; 
acid  will  be  discusscd  imder  lodimetry,  Part  II. 

The  remaining  acids  of  this  group,  arsenious,  araenic,  vanadi«v 
aad  ehroniiC]  háve  been  diseussed  mider  therespertivemetals,  whde 
periodic  acid  is  analyzed  precisely  in  the  samé  wayas  iodic  *cid. 

GROUP  V, 

raraio,  chloruj,  and  perchi.oric  acids. 
Nitric  Acid,  HX03.    Mol  Wt.  63.05. 

Forms:  Nitrogen  Pentoxide,  N3Os;  Ammonia,  NH3;  Nitric  Oxider 
NO,  and  Volumetrically. 

The  determinativu  afl  lutarogeo  pentoxide  is  the  only  praví- 
metric  mcthod  far  the  analysis  of  nitric  acid,  and  it  is  seldom 
ušed  in  practice.  The  nitráte  is  heated  with  siliea,  the  nitrogen 
pentoxide  escapes,  and   íta  weight  is  determined  by  diťference: 

2NaN( V+  SH  fe-  Na^M  )3+  N/V 

This  met  hod  canaot  be  ušed  when  there  is  any  other  votatile 
substance  present,  whieh  ta  usuallv  the  čase. 


Determination  oř  Nitric  Acid  as  Ammonia. 

The  usual  met  hod  for  the  determination  of  nitric  acid  is  to 
reduce  it  in  alkaline  solutíon  to  ammonia  by  nieans  of  aluminium, 
íinc,  or,  best,  DevanhTs  alloy  (cf.  Vol,  I,  page  6): 

NaNO,  +  8E  =  2HaO  +  NaOH  4-  NH3. 
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Aiter  the  reduetion,  tíh-  Bolut^on  ta  distillcd  ínto  a  knowQ 
amoimt  <if  arit  i  and  the  exeess  uf  the  aeid  is  found  by  Utratimi, 
mi  \\\v  ammcmia  is  determined  as  arnmonium  platinic  chloride  oř 
as  {.hifínuni  (rf.  page  54,  b  and  c). 

Proathin    i>f  Ikviinfa* 

About  0.5  gm,  of  the  nitráte  is  placet!  in  a  6O0-S0O-e,(\ 
Krleniinvn*  Baak  (Rg.  63)  and  dissolved  in  110  c.c.  of  water.  To 
this  sol ut ion  5  CC.  of  alcohoL  50  c.e.  e>ť  raustir  pntash  (sp.  gr,  1.3), 
and  2  to  2K  gms.  of  powdered  I>evarda's  alloy  are  added.    Aítrr 


this  the  flask  is  immediately  eonnected  with  the  distilla- 
tiort  apparatns  as  shown  in  the  figuře.  The  Péligot  tube,  A, 
t>í  ahout  250  e.r,  capacity,  is  constnieted  as  proposed  by  F.  Pan-* 
nertz.f  Iti  lift  arni  is  oonz&eoted  by  a  curvetl  tube  with  the  mid- 
dle  bulb,  so  that  a  spurting  baek  of  the  tiquid  is  avoided.  The 
delivery-tuhe  (of  potash  glass)  oofinectiag  the  llask  K  with  the 
tnbe  A  is  abont  1  cm.  in  diameter  and  is  provided  with  a  small 

♦Zeit.  f  aiial  Clwm.,  XXXIII  (1894),  p.  113. 
ifbul.,  XXXIX  (UMX)),  p.  313, 
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opening  at  o,  inside  the  fia.sk ,  to  prevent  any  of  the  alkaline  soluliun 
beiog  oarríed  over  with  the  bhudobía,  Twent-y  eubic  centimctcrs 
of  hiilf-iK.rninl  sulphuric  acid  nre  added  to  the  tuhé  .1  and  dihited 
so  that  the  solution  just  reachcs  to  each  of  the  bulbs  on  the  stder 
while  5  c.c.  of  the  and  are  placet!  in  Bt  and  diluted  in  the  samo 
u;iy.  The  tubes  A  and  B  are  enmieeted  by  ineaiis  of  a  T  tube,  of 
whieh  the  upper  end  ífl  dosed  by  a  pinch-cock  UpOB  a  piece  of  rtlbher 
tubing,so  thata  j>iece  of  red  litmus  páper  may  be  introduccd  hne. 

When  all  is  ready,  the  contents  of  the  flask  A*  are  gently  heated 
in  ordor  to  start  the  roartion.  then  the  Same  is  removed  and  the 
reaction  allowed  to  proeeed  by  ítself.  After  an  hour  this  will  be 
shown  to  be  eumpleto  by  the  cessatinn  of  the  hydrogen  evolution. 
The  hquid  in  K  is  then  slowly  heated  to  boiling,  and  kept  at  this 
temperature  until  about  half  of  the  liquid  has  distilled  over  into  A  ; 
this  requires  about  half  an  hour.  Durin^  the  last  ten  minutes 
a  slow  current  of  air  is  passetl  through  the  tube  r. 

If  the  distillation  has  been  correctly  performed,  all  of  the 
ammonia  will  now  be  found  in  .4;  no  trace  shuuld  reach  ií,  and  the 
red  litmus  páper  in  the  T~tube  should  show  no  tinge  of  blue, 

When  the  distillation  ifl  finished,  the  pinch-cock  at  r  is  openetl 
and  the  fláme  removed.  A  lit  tle  methyl  orange  is  added  tu  A  where- 
by  the  Hquid  is  colored  red,  the  contents  of  B  are  ponred  in,  the 
latter  tube  is  washed  with  water  that  is  added  to  A,  and  the  excess 
of  the  sulphuric  acid  is  titrated  with  half-normal  caustic  potash 
sídut ion  until  the  solution  is  changed  to  ycllow.  The  amount  of 
nitric  acid  is  compntecl  as  follows: 

The  tubes  originally  containeo!  25  c.c.  of  half-normal  acid, 
and  t  c.c.  of  half-normal  caustic  potash  solution  were  ušed  up 
in  the  titration;  consequently  the  ammonia  formed  from  0.5  gm. 
of  the  nitráte  was  neutralizetl  by  25— í  c.c.  of  half-normal  sul- 
phuric  aeid. 

Since  1  mol,*  of  HXQt  (63.03  gnis.)  on  being  reduced  yields 
1  mol.  of  NH3f  and  one  liter  of  half-normal  sulphuric  acid  con- 
tains  enough  sulphuric  acid  to  neutralize  £  mol.  of  NHaj  it  is  evi- 

63,í).r» 


dent  that  1  c.c.  of  the  acid  is  equívalent  U\ 


>  0.031 525  gm 


*  Ostwald  has  proposed  that    t)i<>    molecular  weight  in  gram*  of  a  »ub« 
stane©  he  designated  by  the  wurd  "mol/' 
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of  nitric  acid  so  that  25-f  c.c.=  (2"  -t)X 0.03153  gm.  of  HXO,or 
(25  —ť)* 0.03 102  gm.  NO,,  and  the  per  cent.  of  NU,  present  is 

0.5: (25-0 -0.03102  «100:x 
x  =  6.204  (25-ř)-  percent.  NO,. 

Detennination  of  Nitric  Acid  as  Nitric  Oxide. 

Method  of  Srhlusimj  nmt  (rratafrau,  moOfied  htf  Tiemann  and 

Schulzť* 

Principte. — If  a  nitráte  is  heated  with  íerrous  chloride  and 
hydrochloric  acid,  the  nitric  acid  is  redttced  to  nitric*  oxide: 

NaNO,+  3FeCla+  4HC1  =  NaCl+  3FeCl,+  2H20+  NO. 

From  the  volume  of  the  nitric  oxide  itfl  weight  is  calculated. 

The  method  of  Sehldfiillg  is  its  originál  fornif  was  not  much 
iised  on  account  of  the  apparatus  re<|ihred;  but  after  being  modi- 
fied  by  Grandeau  %  it  has  beooiBe  one  of  the  best  methods  for  tln- 
deterniination  of  nitric  acid. 

The  apparatus  neeessary  is  shown  in  I rig.  04  and  eonsists  of 
a  150-c  c.  flask  K  fit tcnl  with  a  douhle-bored  rubber  stopper. 
Through  one  of  the  bolea  is  pfinnrrl  the  tube  b,  which  i  ulo 

ihc  íiask  just  to  thi1  lower  surfaře  of  tb€  stopper;  through  the 
other  hole  pas*ses  the  tube  u\§  ending  in  a  restrictíon  about  1  mnv. 
wtdeand  reaehing  \\  cm,  below  the  stopper  The  tube  b  is  con- 
nected  by  meana  of  a  pícce  of  rubber  tubing  6  om.  long,  which  is 
wired  on  to  the  tube,  and  is  provided  with  a  pinch-eock,  with  a 
Beoond  tulx'  whose  lower  end  reachee  up  into  the  meaMiring-tube 
and  is  eovered  with  rubber  tuhiog  as  i>  shown  in  the  figuře.  In 
the  sama  w-ty  the  tube  a  \>  oonneeted  with  i  straighl  tube. 

BofatiSons  rrquired.— I,  A  nitráte  Bohition  of  known  strength, 
prepared  by  diSBohriiig  to  ona  liter  of  water  2.0238  pus,  of  recrystat 
lized  [)otas>iiim   nitráte  that  hus  been   dried  at  160°  C.      Fiftv  e  ..\ 

*  Zeít,  f.  aual.  Ctem.,  IX  (1670),  p.  401 .  r\Tid  Bcrichtc,  VI 0*73),  p.  J041. 

|  jtanatea  de  chim.  et  de  phva»,  [:V|.  40  \  1863),  íT' 

X  Grandeau,  Analyse  chimique  &pplk|uee  íi  r.upru  ulhin  . 

§  Grandeau  ušed  a  separatory  ři eJ  izutaad  uf  tbe  tube  a;   the  lattei 

«aa  propoaad  by  Tiemann  and  Sehulze. 
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of  this  solution  evolve  at  0°  C.  and  760  mm.  pressure  22,391  c.c. 

2,  A  fantom  chloride  solution  obtaitml  by  dissolving  20  gm, 
of  iron  (nails)  in  100  C-C.  of  concentrated  hydrochloric  acid. 

3.  Hvdrochloric  acid,  of  sperihe  gravity  1.1. 

Proceduře. — First  of  all,   10  e.c.  of  water  are  poured  into  K 
and  its  upper  Ievel  is  marked  im  the  OUtside  of  the  flask  by  means  of 


Fig.  61 

a  colored  peticí],  then  40  c.c.  more  are  added  and  its  position  is 
also  marked. 

The  wntcr  is  mm-  poured  out  and  exaetly  50  0«C.  of  the  standard 
nitráte  solution  m  ftdded  to  K,  fche  stopper  fitted  with  the  two 
tubes  is  placed  in  the  fiask.  and  the  pinch-eoeks  h*  and  A"  are 
opened.  The  contents  of  lbe  Bask  are  heated  to  boiling  with  I 
fafte  Bame  (a  wire  gauze  is  not  ušed)  Uliti]  tínally  rm  more  hiihblea 
of  air   GBCape   from  the  iower  end  of  b  into  t lu*  hatit  ct»nt:iÍmriLr 

boiled  water.  To  mafee  ecm  ttiai  the  air  is  all  expelled  from 
the  apparatuflj  the  nibber  ttibing  at  hr  is  pinched  with  the  thumb 
and  finger,  when,  if  no  air  is  praMPt,the  Eqttid  will  quiekly  rise 
in  h.  txerting  a  noticeable  prokuře.     The  pineh-cock  ht  is  then 
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closed  and  the  boiling  ta  continued  until  the  50  c.c.  has  been  re- 
duced  to  a  volume  of  10  BX.,  when  the  fláme  is  removed  and  the 
pinch-cock  A"  is  immcdiately  elosed,  The  lower  end  of  íit  which 
dips  into  riistilled  water.  ifl  iminediately  filled  witfa  the  latter  up 
to  the  pinch-eoek.  The  vapors  in  the  flask  condense.  forming  a 
vacuum.  u  shown  by  the  closing  togcther  of  the  rubber  tubing 
at  V  and  h'\ 

80  0.0.  of  the  ferrous  chloride  solution  are  pnured  into  a  beaker 
and  the  upper  level  is  inarked  on  the  outside  with  a  colured  peneilt 
then  20  px.  more  are  added  and  the  position  in  the  beaker  is  again 
marked.  The  lower  end  of  the  tube  a  is  placed  in  tlie  ferrous 
chloride  solution  BQ  that  it  reachcs  belov  the  lower  niark  <>u  the 
beaker,  and,  by  opening  h'\  20  c.c.  of  the  solution  are  allowed 
to  pass  into  the  flask  A\  The  1  teáker  n»ntaining  the  ferroua  chloride 
is  then  repJaeed  by  one  containing  boiled  water.  The  tube  a 
should  not  extend  vertically  into  the  water,  but  should  be  inelined 
as  much  as  possible.  The  spceihrally  heavicr  ferrous  chloride 
solution  in  the  tube  passes  into  the  water,  while  the  latter  takés 
its  pláce.  When  the  lower  end  of  a  has  become  filled  with  pure 
watCT  ID  thia  way,  it  is  dípped  into  a  beaker  containing  hydroeliL 
acid  (sp,  gr.  LI)  and  about  20 C.C.  of  the  acid  are  allowed  to  flow 
into  A',  aru l  finally  3-4  c.c,  of  water  are  added  to  replace  the  acid 
in  a,  A  50-c.c.  measuring-eylinder  is  now  filled  with  boiled  water, 
placed  over  the  lower  end  of  h  as  shown  in  the  figuře,  and  the  con- 
tents  of  i  be  flask  are  once  more  boiled.  Afl  soon  as  the  conipre- 
rubber  lubing  begins  to  expand  hf  is  opeued.hut  the  rubber  tubing 
is  at  the  samé  ťunc  pinehcd  betwcen  tlie  thumb  and  hnger.  As 
soon  as  the  liquid  n<>  I«*nger  rises  in  ht  the  haud  is  removed  frorn 
the  rubber  tubing  and  the  nitric  oxide  begins  to  collect  slowly  in 
the  measuring-tube.  After  half  of  the  liqtiid  has  evaporated 
there  is  no  further  evohition  of  nitric  oxide  to  be  noticed,  although 
the  brown  eoW  of  the  solution  shows  that  the  gas  has  not  been 
nunpletely  expelled,  In  order  to  aceomplish  this,  the  fláme  is  re- 
moved, hf  is  dosed,  and  the  liquid  in  A'  allowed  to  oool.  By  metne 
of  the  vacuiim  thus  produccd  the  reiuaindrr  of  the  nitric  oxide 
is  expelled  froin  the  solution  and  the  boiling  is  unce  more  repeated, 
with  the  samé  preeautions  as  before,  until  the  lower  niark  is 
reached.     The  fláme  Ls  removed,  h*  is  dosed, and  the  nieasuring- 
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tube  containing  the  nitric  oxide  is  placed  in  a  ey  li  uder  eontaining 
pure  water  at  the  temperature  of  the  rooni.  To  preveiit  the  tube 
containing  the  gas  from  BťQJdng,  its  upperend  is  encused  in  a  large 
cork  00  that  it  rloats  on  the  water,  After  ntanding  fifteen  to 
twenty  minutes  the  tube  is  raised  by  nieans  of  the  cork  until 
the  levé!  of  the  liquid  within  stantls  at  the  samé  height  as  that 
in  the  cylinder  without,  and  the  volume  of  the  gas  is  read.  At 
t  be  samé  time  the  temperature  of  the  water  is  taken  and  the  baroni- 
éter  read  mg  is  noted. 

The  volume  thus  obtained  is  retluced  to  0°  C.  and  760  mm. 
pressure.  If  the  temperature  was  t°r  the  barometer  reading  B 
millimeters,  and  w  the  tensíon  of  aqueous  vapor  at  1°,  then  the 
reduced  volume  is 

rífl-w)273  * 


rt- 


760(273+  0" 


Now  50  c.c.  of  the  standard  potassiurn  nitráte  solution  con- 
tain  0.1012  gim  of   KXOs  enrresponding  to  0.0624  gnv.  of  N«>s, 

that  the  volume  V0  of  the  nitric  oxide  corresponds  to  0,0624 
ftt.  N03. 

The  samé  proceduře  is  now  followed  with  50  c.c.  of  the  solu- 
tion of  the  unknown  nitráte,  whieh  should  Ije  prepared  90  that 
the  amount  of  nitric  oxide  evolved  will  be  about  the  samé  as  that 
froni  50  c.c.  of  the  standard  solution,  If  at  l'°  C.  and  Bt  mm. 
pressure  the  volume  V  of  nitric  oxide  is  obtained,  and  u\  is  the 
tension  of  aqueous  vapor  at  í°,  then  the  reduced  volume  of  the 
nitrogen  will  be  as  before 

¥<r  760(273+ I*)' 
The  following  proportion  now  holds: 
F0: 0.06204-  V9:x 


Vm 


-.  —  gm.  Ní  )a  iti  50  c.c.  of  solution* 


*  Tlvree  oř  Four  experimente  are  performed  with  the  standard  solution, 
and  the  mean  value  ia  ušed. 
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Remark. — It  is  not  perxnissible  to  compute  directly  thc  weiídit 
of  NOy  which  corresponds  to  tlie  volume  of  nitric  oxide  obtained, 
for  some  nitric  oxide  nhvays  remains  in  the  flask,  so  that  low 
values  would  resuit.  This  errur  is  diminftt&d  by  the  above  pro- 
ceduře. 

L.  L.  de  Korunek  *  has  devised  an  apparatus  which  prev 
the  liquid  from  fmckins;  back  into  the  decomjwjsition-fla.sk   and 
at  the  samé  time  permits  the  carrying  out  of  i  ruimber  uf  deter- 
Ltiinutions   one   after   the   other   without   cleaniiig   the   apparatus 
or  boiling  it  free  from  air  in  the  meantime. 

Determination  of  Nitric  Acid  in  a  Drink ing-watei\ 

From  100  to  300  e.c.  of  the  water  are  cvaporatcd  to  40-50  c,e. 
in  a  porťelain  disk,  b  few  drops  of  methyl  orange  are  addcd,  fol- 
lowed  by  dilute  hydrochloric  acid,  free  from  nitráte,  until  the  sohi- 
tion  is  pink  in  eolor.  Swliurn  carbonate  soli  i  lion  is  now  addcd 
until  the  liquid  is  barely  idkaliuc  (it  U  Bomef!  vellow)  and  the  con- 
tents  of  the  flask  are  washed  into  the  deeompositioo-flaak  Kt 
F%.  46,  and  analvzed  as  deseribed  on  jjage  361  with  the 
differeiiee  that,  instead  of  cnlleeting  the  gas  over  water,  a  10  per 
cent.  .solution  of  sodium  hydroxide  is  ušed,  to  make  sure  that  the 
carboiiic  acid  which  is  set  free  is  oomptetriy  aksnrbed. 

Aft4?r  the  experiment  has  íjoen   performed   with  the  waí< 
be  analvzed,  it  is  repeated  with  an  amount  of  the  standard  sólu- 
tion  snlricieut  to  e  vol  ve  abotlt  the  samé  qtiantity  of  nitric  oxide. 
The  anály  sis  i>  then  computed  as  l>efore, 

lítmark. — In  drinkimt-wuter  the  neutralizalion  of  the  evap- 
orated  sampie  is  not  absohitely  necessary,  exoept  in  the  čase  of 
alkalin*'  minerál  waters;  in  that  ease  the  introduetion  of  the  hydro- 
chlotic  acid  wonld  otherwise  cause  sncli  a  violent  evolution  of 
carboii  dioxide  ihat  lbe  Bisk  might  erack. 

Chloric  Acid,  iir]os.    Kol  Wt  *M6. 
Forms:  Silver  Chloride,  AgCl,  besides  volumetric  and  gasometric 

methods. 

Tn  order  to  determme  ehlurie  #eid  as  silver  chloride  it  must 
previoiislv  be  ivdueed  to  chloride  by  ineans  of  ferrous  sulphate  oř 

sine* 

*  Zeit  f.  anal.  Chem.,  XXX lí I  (18M),  r>.  300, 
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Reduction  by  means  of  Ferrous  Sulphate. 

About  0.3  £m.  nf  the  salt  are  dissolved  in  100  r,c,  of  water, 
ireated  with  ,50  c.c,  of  a  10  per  cent.  solution  of  crystallized  ferrous 
sulphatc,  beated  with  constant  stimuií  till  it  b^gjag  to  lxtil,  aud 
fcept  at  this  tempera  ture  fnr  fifteen  minutes.  After  Dooliog, 
nitric  acid  is  addcd  until  the  dcposited  hasič  ferrir  snít  is  dis- 
solved,  when  the  chloride  is  prccipitated  by  means  of  silver  nitráte 
and  weighed  after  the  usušil   treatment. 

One  gram  of  sílver  chloride  corrcsponds  to  0.8551  gin.  KC10r 

Reduction  with  Zinc. 

Although  chlorates  are  redueed  in  neutra!  solution  by  means 
of  zinc  ar  l)evarda's  alloy,  it  is  not  advisabta  to  efTcct  the  reduc- 
tion in  this  way  for  quantitative  purpnses.  The  samé  end  ifl 
reached  more  expeditaouflly  by  adding  zinc-dust  to  the  acetic 
íirid  sohitimi.  The  dílute  ehlorate  Bolution  ifl  lnated  with  acrtie 
a^id  until  it  reacts  disťmctly  acid,  an  excess  nf  powdered  zinc  is 
Bddedj  and  the  solution  boiled  for  one  hour.  After  cnoling,  nitric 
acid  is  adtlcd  in  suííieient  quantity  to  díssolve  all  of  the  excess  of 
zinc,  after  which  the  SolutlOD  is  filtercd  if  necrssary  and  the  chloride 
prccipitated  and  dctennined  as  silvcr  chloride. 

Remark. — Both  methods  afford  exaet  peeuttSj  but  the  former 
is  to  Ije  preferred,  for  it  is  aeeuniplished  in  Jess  time. 

Chloratcs  are  not  quantitatively  d&oampo0ed  itito  chlorides 
by  ignition  in  open  vessels  or  in  a  eurrent  of  carbon  dioxidc.  Sune 
rMoriue  and  a  lit t le  alkali  is  always  lost,  m  tliat  even  when  the 
resijue  is  evapnralcd  with  hydmehlnrir  arid.  too  ÍOW  resnlts  are 
obtained.  L,  Blangey,  working  in  the  authoťs  laboratory.  ob- 
tained results  which  were  fnun  0,3  ta  1.1  per  cent.  below  the  theo- 
reti<al  valné. 

ÁftOOlding  ta  tlir  two  foUowisg  nuthods,  the  d  econiposit  i  uu 
nf  alkah  ehlorate  into  chloride  is  qiiaiith:>i 

a)   By  Etaponition    mih    II ffrlntrhlorir  ActtL 

The  ehlorate  cnntaincd  in  a  weighed.  pnreelain  erurihle  is  eovered 
with  hydrochlorie  acid  (1:3).  A  watch-glass  is  plftoed  upou  the 
crucible,  and  the  contents  of  the  latter  are  heated  on  the  water- 
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bath  imtil  the  evolution  of  chlorine  ceases.  The  Hquid  on  the  lnwer 
surface  of  the  watch-glass  is  then  washed  into  the  crucible,  and 
its  contents  are  evapurated  ba  dryncss  0H  the  water-bath.  The 
cover  is  placed  opon  it  and  it  is  then  gently  iguited  over  a  free 
fláme  until  the  decrepitation  ceases.  After  cooling  in  a  desic- 
cator,  the  crucible  is  again  weighed.  In  this  way  L.  H-laiJL 
obtained,  as  a  niean  of  four  experimente,  100.02  per  cent.  of  the 
theoretical  value. 

{b)  By  hjnition  with  Ammonium  Chlor  i*  I*. 

The  alkali  chlorate  is  mixed  in  a  poreelain  crucible  with  three 
times  as  much  pure  ammonium  chloride,  ppvciad  with  a  watch- 
glass,  and  heatcd  over  a  free  fláme ,  kept  in  constant  motion,  until 
the  ammonium  chloride  is  completely  renioved,  The  crucible 
is  then  weighed.  As  a  mean  of  two  experimente,  L.  Blangey 
obtained  100.06  per  cent.  of  the  theoretical  value. 

PERCHLORIC  ACID,  HOO4.  Mí)1  Wt  100.46. 
I" urin:  Silver  Chloride,  AgCl. 
Perchlorates  cannot  be  reduccd  to  chloride  by  nieans  of  fetrous 
sulphate,  zinc,  oř  by  repeated  evaporation  with  concentrated 
hydrochloric  acid.*  On  ignition,  BOme  chlorine  and  alkali  chloride 
are  Inst,  80  that  an  crror  amountiug  to  as  nwch  as  1  per  cent.  may 
be  expected.  On  the  other  hand,  Winteler  hafl  shown  that  per- 
chWates  may  be  changed  to  chlorides  by  heating  with  oo&een- 
trated  nitric  acid  and  silver  nitráte  in  a  closed  tube  (see  Carius* 
method  for  dctermining  chlorine  in  organic  substances,  page  247), 
while  L.  Blangey  found  that  ignition  with  ammonium  chloride 
would  accomplish  the  samé  result. 

Decomposition    of   Perchlorates   by   Ignition   with   Ammonium 

Chloride. 

By  twice  igniting  an  intimate  mixture  of  0.5  gm.  potassium 
perchlorate  with  1|  to  2  gms,  of  ammonium  chloride  f  in  a  jdulinum 

*  On  evaporatinjc  with  liyrlrochloric  add  therc  is  11  \om  without  any  evo- 
lution of  chlorine;  it  must  be  dne  to  the  volatilizatinu  *»f  sinal]  nnmunta  of 
perchlrmc  acid, 

f  When  2gms.of  XH4CI  are  ušed,  one  and  one-half  to  two  hours  are  nec- 
essary. 
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crucible  eovered  with  a  watch-glass,  the  former  is  comjílet  í  ly 
changed  to  chloride.  Care  should  be  takcn  not  to  melt  the  resiclual 
chlorit  h\  for  in  that  čase  the  platinum  is  attacked.  although  the 
accuracy  of  the  results  is  not  afTected.  Blangey  obt&ined  in  two 
experiinents  100.06  and  100.06  per  cent,  of  the  theoretical  values. 
It  is  worth  nientioning  that  coniplete  decomposition  could 
not  Ik1  efifeeted  by  igniting  three  tinjcs  in  a  jioraiain  *  crucible; 
the  platinám  evidently  plays  the  part  of  a  catalyser,  as  was  proved 
by  the  folio wing  experiment:  0.4707  pn.  of  K0Oj  were  mixed 
in  a  porcelain  crucible  with  \\  gm,  of  NÍI4C1,  and  1  c.c.  of  hydro* 
chlorplatinic  acid  (containing  0.01)18  gm.  Pt)  was  added.  After 
evaporating  to  dryness  on  the  water-bath,  the  anunouiuni  chloride 
was  eumpletely  expoUed  nud  the  nsidue  was  ignited  twice  more 
with  the  samé  amount  of  the  latten  The  residue  of  potassium 
chloride  then  weighed  0.2572  gm.,  enrrespnnding  to  100,24  per 
cent.  of  the  theoretical  aniount.f 

Determination  oř  Perchloric  Together  with  Chloric  Acid. 

In  one  port  ion  the  chlorate  is  reduced,  as  described  on  page  365, 
with  ferrous  sulphate,  and  the  chloride  fonned  determined  as 
silver  chloride.  A  second  poittOD  is  ignited  in  an  old  platinum 
crucible  (or  in  one  of  porcelain)  with  the  addition  of  1  c.c.  of  hydro- 
chlorplatinic  acid  and  three  timcs  as  much  animonium  chloride 
(as  described  abuvc),  In  this  way  the  total  amount  of  chlor  i  ne 
is  obtained  and  f mm  thoBO  datu  the  amount  of  each  acid  can  be 
calculated. 

Determination  of  Perchloric,  Chloric,  and  Hydrochloric  Actds 
in  the  Presence  of  One  Another. 

The  three  aeids  are  assumed  to  be  present  in  the  fonn  of  their 
alkali  salts. 


♦Thiis  on  igniting  0.4395  pni.  KC104  with  2  gms.  NH«C1  a  residue  of 
031*05  (^in.  was  obtaíued  instead  of  one  wrighing  0.2365  gBL 

f  riirr«'  is  oftflD  a  >liiilil  deposit  of  alkali  t-Moride  upon  the  c* tver-glaas. 
To  determíne  Ihifl,  the  pla^s  together  with  the  deposit  is  weighed,  then  the 
plasa  b  washed,  dried,  and  again  weighed :  the  difTercnce  between  the  two 
wei^hta  rrpresents  the  amount  of  alkali  ctiWide.  This  mrch  utnuunUí  to 
more  than  a  fraeíinn  of  a  milligram,  and  if  thr  ignitioii  was  performed  with 
care,  there  will  be  no  deposit  at  ali  upoa  the  glnss. 
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In  ono  portíon  the  chloriclc-chlorinc  ifl  do  termined  by  precipita- 
tion with  silver  nitráte.  In  a  second  sample  the  ehlorate  and 
chluride-ehlorine  are  determined  after  the  formcr  has  becn  reduecd 
ím  ehloride  by  rnoaus  of  fenolu  sulphate.  The  total  amount 
of  chlorine  present  is  detennined  in  a  third  portion  after  ignition 
with  amnionium  chloride. 


GROUP  VI, 
5ULFHURIC,  HYDROFLUORIC,  AND    HYDROFLUOSILICIC  ACIDS. 

Sulphujuc  Acid,  H2S04,    Mol.  Wfc  B&08. 
Formr  Barium  Sulphate,  BaS04. 

The  detenrrination  of  sulphuric  acid  is  theoretically  very  simple; 
the  acid  is  precipitated  with  barium  chloride  and  weighed  as 
barium  sulphate.  Practically,  however,  there  are  often  a  great 
many  dimculties  arising  from  the  fact  that  barium  sulphate 
possesses  a  great  tendency  of  dragging  down  other  substances 
with  it.  The  impurity  present  usually  causcs  high  rosults,  bnt 
occasionally  the  opposite  effect  is  produced,  particularly  when 
the  snlutioD  contained  OOHaderahle  iron  in  the  fcrric  fonm  In 
that  ctfte  the  precipitated  barium  sulphate  oontains  fcrric  sulphate 
and  tíie  latter  on  ignition  loses  BO^aO  that  ferric  oxide  is  weighed 
instead  oí  the  oonwtponrimg  amount  of  barium  sulphate.  Alu- 
minium and  chrnniium  bchave  in  the  samé  way. 

WheO  nitrir  oř  chloric  acid  is  present,  tlie  precipitate  will 
contain  barium  nitráte  oř  chlorate  and  tfa&M  substances  eannot  be 
rcmoved  by  washing.  Furthcnnore,  if  the  precipitation  is  effect rd 
by  the  rapid  a< Idilion  of  a  krge  cxcess  of  barium  chloride,  the 
precipitate  vwll  coataia  oo&fliderable  amount*  oí  the  reagent. 
If,  on  the  other  hnnd,  the  latter  is  added  drop  by  drop  imtil  the 
precipitation  is  cornplcte,  a  considerable  oxcess  may  be  added 
withouf  inrlueiieing  the  purity  of  the  preripitate  The  presence 
of  considerable  amountfl  of  potaasttixn  Balte  is  espccially  disadvan- 
tageous;  the  precipitated  barium  sulphate  thcn  will  always  con- 
tain potassiuin  sulphate.  Sodium  salts,  however,  do  not  scem 
to  háve  any  disturhing  aettoa. 

From  what  has  becn  said,  it  follows   that  ti  bion  from 
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whieh  the  sulphurie  acid  is  to  be  preeipitated  must  not  contain 
nitric  oř  chloric  acids,  trivalent  metals  should  be  absent  when 
possible,  and  considerable  amounts  of  potassium  or  calcium  salts 
shotdd  be  avoided.  If  the  solution  contain  nitric  oř  chloric  acids, 
it  Is  rcpcatedly  evaporated  with  the  addition  of  cnneeutr 
hydrochloric  acid  until  these  are  completely  destroyed,  When 
ferric  iron  is  present,  it  is  best  to  remove  it  by  precipitation  with 
aniiiKínia  (ef.  p&ge  282).  In  the  presence  of  considerable  calcium, 
as  is  the  čase  in  the  anály  sis  of  waters  GQ&taining  gypsum  or  in 
cemente,  the  calcium  is  přecipitated  as  carbnnate  l>y  the  addition 
of  amrnonium  earbonate  and  the  sulphurie  acid  deteniiincd  in 
the  filtráte  after  niaking  it  acid  with  hydrochlorie  acid. 

Proceduře. — The  solution,  prepared  by  one  mcthod  nr  anotber 
and  with  a  volume  of  about  300  ej\  for  caeh  gram  of  barium 
sulphatc  that  it  is  expeetcd  to  obtuin,  is  heated  to  boiIingt  1  e.c. 
nf  loncerdrated  hydrochlorie  acid  is  added,  and  a  solution  uf  boilin^- 
hot  barium  chloride  is  added  drop  by  drop  with  oonsta&t  stirring. 
When  the  precipitation  is  complete,  1-2  c.c.  more  of  the  reagent 
are  added  and  the  preeipitate  is  allowed  to  settle  on  the  water- 
bath  ;  tlus  takés  pláce  rpúckly  if  the  two  solutions  were  bot,  After 
the  preeipitate  has  scttled  it  can  be  filtered  immediately  *  The 
clear,  supematant  liquid  ifl  poured  througli  a  Sehlcicher  and  Srhulls 
filter  No.  590  and  the  residue  in  the  beaker  is  covered  with  f>0- 
100  c.c.  of  boiling  water;  and  after  allowing  the  preeipitate  to  sel  tle 
fot  i  few  minutes  the  clear  liquid  is  potmi  off,  The  derantu- 
tioii  is  repeated  four  times,  after which  the  preeipitate  is  transferred 
to  the  filter  and  washed  with  boihng  water  until  3  c.c.  of  the  fil- 
tráte will  no  longer  show  a  test  for  barium  on  the  addition  of  a 
drop  of  dihite  sulphurie  acid.  The  preeipitate  is  dried  soine- 
what ,  then  ígnited  in  a  platinum  crucible,  and  weighed  as  barium 
sulphatc. 

The  preeipitate  should  be  heated  only  to  a  dull-red  heat.     In 
no  čase  should  it  be  heated  over  the  blast-lanip   (ef.   page  09, 
orfc), 

Purijleation  oj  the  Preeipitate. —  Whcre  \  vvy  aecurate  results 
are  desired  it  is  neceasary  to  test  the  parity  of  the  preeipitate  as 

*  If  auly  stmíiU  amounts  of  sulphurir  acid  are  preseat  it  b  best  to  let 
the  solution  stand  Iwtlve  hourá  bofove  filteriug. 
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follows:  After  migbiag  tlie  j>ref ijiil ate  ifl  mwred  with  2-3  e.c. 
of  distilled  water,  2  drope  of  doubte-nonnal  bydíochloric  acid  are 
added.  the  CTUCÍble  is  covercd  with  a  watch-^lass  and  its  eontenta 
digcsted  for  fifteen  minuta  upon  the  watrr-bath;  the  solution 
is  thesi  deCMited  thrnugh  a  small  niter.  This  extractioB  with 
dilute  hydrochloiic  aetd  is  repeated  frotu  three  to  íive  times,  after 
whieh  the  barium  sulphate  in  the  crucible  is  dried,  the  filter  added 
and  ignited  wet  in  the  inclined  crucible,  which  is  afterwards 
veigbecL 

This  extraction  and  wgigjhing  is  repeated  until  finally  the  b 
in  weight  is  not  more  than  0.0005  gm.  and  the  last  weight  is  taken 
as  cnrrect.* 

In  the  analysis  of  minerál  waters  this  purification  of  the  pre- 
cipitate  should  nevěr  be  neglected. 

Determination  oř  Sulphuric  Acid  in  lnsoluble  Sulphates. 

OulHum  and  strontium  sulphates  are  decomposed  by  long 
digcst  ion  with  ammonium  carbonate  solution,  bot  barium  sulphate 
is  not.  The  lat  tor  is  mixe<l  with  four  times  as  much  sodium  rar- 
bonatet  fused  in  a  platinum  crucible,  the  melt  extracted  with 
water,  and  the  barium  carbonate  residue  washed  with  sodium 
carbonate  solution.  After  acidifying  the  filtráte  with  hydro- 
chloric  acid  and  boiling  off  the  earbon  dioxide,  the  sulphuric  acid 
is  precipitated  as  usual. 

Lead  sulphate  is  boiled  with  sodium  carbonate  solution;  after 
eooHng,  the  solution  is  saturated  with  carbon  dioxide  and  filten-d. 
The  lead  rcmains  behind  as  carbonate,  while  the  filtráte  contains 
all  of  the  sulphuric  acid. 

For  tlie  determination  of  sulphuric  acid  in  silicates,  the  finely 
powdercd  substance  is  fusrd  with  si\  times  as  much  sodium  car- 
bonateď  the  melt  is  extracted  with  water,  the  filtráte  acidified 
with  hydrochlnric  acid  and  evaporatcd  to  dryness  in  order  lo 
dehydrate  the  Btlica.  The  residue  is  BKBBtexied  with  a  lit  tle  con- 
centrated  hydrochloric  acid,  luken  up  in  hot  water,  and  the  silieic 
a-  id  fdtcred  ofT;  tlie  siilphuric  acid  is  determined  in  this  filtráte. 

*An  cxrellent  mcthod  fnr  testing  the  purity  t»f  the  prcci  pi  ta  te  consi>t> 
of  rpdetemúniríg  tho  sulphuric  acid  as  described  below  in  the  analysis  of 
barium  sulphate, 

rí.  p  a  fk 
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Determination  of  Sulphurie  Acid  bi  the  Presence  of  Soiuble 

Sulphides* 

The  substance  is  placed  in  a  flask,  the  air  replaced  by  carbon 
dinxidc,  dilute  hydrochloric  acid  is  added,  and  the  aolution  boiled 
while  carbon  dioxíde  IĚ  passerl  through  it  until  all  of  the  sulphide 
has  been  expelled.  The  sulphurie  acid  ís  then  precipitated  fnnn 
the  solution. 

This  determination  is  ušed  for  the  analysis  of  cements.  In 
ti ns  čase,  however,  the  hydrochloric  acid  solution  will  contain 
much  calcium  as  well  as  iron  and  aluminium.,  sothat  these  metals 
are  precipitated  by  the  addition  of  ammonia  and  ammonium 
earbonate  and  the  sulphurie  acid  detemúned  in  the  filtráte. 

If  it  is  desired  to  detennine  the  ammmt  of  sulphide-sulphur, 
the  substance  is  covered  with  brom  i  ne  water  until  the  color  of 
the  bromine  is  permanent,  hydrochloric  acid  is  added,  and  the 
solution  boiled  to  expel  the  exeess  of  the  bromine,  The  iron,  alu- 
minium, and  calcium  are  precipitated  by  ammonia  and  ammonium 
earbonate,  and  the  total  sulphuris  dotermined  in  the  filtráte.  The 
difference  between  the  two  resmlts  represents  the  amount  of  sul- 
phur  present  as  sulphide.  For  the  volumetric  determination 
of  sulphurie  acid  consult  Part.  1 1 . 

Hydrofluoric  Acid,  HF.    Mol  Wt.  20.01. 

Forma:  Calcium  Fluoride,  CaF,;  Silicon  Fluoride,    SiF4,  besides 
volumetric  and  gasometric  methods. 

1.  Determination  as  Calcium  Fluoride. 

If  the  solution  contains  free  hydrofluoric  acid  or  an  acid  fluoride, 
sodium  earbonate  is  added  until  the  reaction  is  alkaline  and  from 
one-fourth  to  one-fif  th  as  much  more  in  exces**  To  solutkms  of  neu- 
tra! íluorides  about  1  c.c.  of  douhle-normul  sod  i  um  earbonate  solution 

*  By  the  a í! tli t ion  of  the  excess  of  sodium  c  ar  tam  a  t*  the  precipUato  <>f 
calcium  ítuoňde  will  contain  calcium  earbonate',  and  presence  of  the  latfetff 
renders  the  previpitat*?  easy  to  filter.  A  pure  precipitate  of  calcium  fluoride 
lei  so  síimy  that  the  porce  of  the  filter  beconie  90  clogged  that  it  is  almott 
impoasiblc  to  complete  the  filtrátům. 


312     GRAytMETRfC  DETERMINATION  OF   THE  METALLOiDS. 

is  added.  The  aOudine  aolution  b  heated  to  boiiing,  precipttal 
by  mcans  of  au  excees  ot  calckun  chloride  aolution,  BHered,  vid 
bhoroughry  washed  with  bot  watef*  The  precipitate  oonsisti&g  of  tbe 
fluoride  and  carbonatc  uf  calrium  is  dried,  as  much  of  it  as  postihle 
ferredto  h  platinum  crucible,  theashof  the  filter  b  added, 
and  the  conteuts  of  Uie  crucible  are  ignited.  After  couling,  thr  mass 
ttvered  with  an  excese  of  dihite  acetic  acid,  by  whieh  the  lime 
is  ehftDged  to  tbe  soluble  acetate,  while  the  fluoride  ií  una&cted. 

After  evaporating  10  dryness  on  the  water-bath,  the  mass  is  taken 
up  i n  watťT,  filtered,  washed,  and  dried.  After  transferring  as 
much  of  the  dried  přeci pitate  to  the  crucible  as  possible,  the  lilirr- 
paper  is  burned,  its  ash  added,  and  after  ignition  the  crucible 
is  again  weighed.  To  confirm  the  result  the  substance  is  treated 
with  a  little  conceutrated  sulphuric  acid  (added  cautiousdy),  and 
after  evaporating  off  the  excess  of  the  laiier  and  onee  more  ignititig, 
the  contents  of  the  crucible  are  weighed  as  calcium  sulphate. 

I  gm.  CaF2  yieMs  L7443  gms.  CaS04. 

Exampíi  :  DtícrmuHition  oj  Fhutrirw  in  Calcium  Fluoride. — 
As  was  stated  in  Vol  It  page  353,  calcium  fluoride  is  not  com- 
pletely  decomposed  by  fusing  with  sodiuni  carbonatc;  but  if  the 
fluoride  is  mixed  with  2\  times  as  much  silicic  acid  and  then  fi. 
with  0  times  as  much  sodium-potassium  carbonatc,  the  greater 
partof  the  silicic  acid  and  all  of  the  fluorine  will  be  changed  fcOBot 
ublealkalí  salts,  while  the  calcium  will  be  lcft  as  insoluble  calcium 
carbonatc.  The  mixture  must  be  heated  gradually,  Bfl  táhal 
the  evolution  of  carbon  dioxide  may  cause  the  contents  of  the 
cnicible  to  run  bver  itfl  sides.  The  thin  liquid  ÍUSOO  soon  ehanges 
to  a  thick  paste  oř  uiily  sinters  somewhat.  On  raising  the  tempera- 
ture,  it  is  almost  inipossible  tu  further  melt  this  masstaml  it  m 
not  DfiCQBBaiy.  In  fart  too  hígh  a  temperature  is  to  be  avoided  on 
account  of  the  danger  of  loóng  some  alkali  fluoride  by  vrdatilizatino. 
The  reactinn  is  complete  when  tbere  is  nn  further  evolution  of  - 
bon  dioxide.  After  cooling,  the  melt  is  treated  with  water,  the 
insnluble  residue  is  filtered  oíT  and  thoroughly  washed.  The 
alkaliue  Bolution  containing  all  the  fluorine  and  consideraU** 
eilicic  acid  is  freed  froio  the  hitter  by  the  addition  of  considerable 
ammoníum  carbonatc  (aboul  \  gma.  of  the  solid  salt),  The  lie 
is  heated  for  sorne  time  at  about  40°  C\,  allowed  to  stand  over- 
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night,  and  in  the  morning  the  vohimi nous  prerípitate  is  filtcred 
off  and  washed  with  annnonium  carbonate  water  Thr  filtráte 
linu-  contains  only  a  smáli  amount  of  si  line  acid.  It  is  evaporated 
almost  to  dryness  on  the  water-bath  *  diluted  with  a  little  watrr 
and  a  few  dropi  of  phenolphthaleín  are  addetl.  The  liquid  is  et  >]<  ired 
pink  by  the  indicator  and  enough  hydrochloric  acid  is  now  ad 
to  make  it  eolorless.  The  solution  is  heated  to  hoilíng,  and  this 
causes  the  reappea  rance  t»f  the  pink  color,  After  ooofifig  the  color 
is  again  dLscharged  with  hydroehlorie  acid,  and  ihis  operation 
is  repeated  until  finally  the  addition  of  H|  c.c\  of  double- 
normál  hydrochloric  and  is  sufhVient  to  efFeet  the  deeolorizatioji. 
It  is  best  to  perform  the  opcrution  in  a  platimim  dish,  but  if  this 
is  laeking  one  of  porcelain  may  be  ušed. 

The  soluťiun  stí II  contains  traees  of  silicic  acid,  whieh  are  re- 
moved,  miended  by  Kerzelius,  as  follows:   The  solution  is 

treated  with  1  or2  c.c.  of  amnioniaeal  zinc  oxide  solution, f  boUéd 
until  the  ammonia  is  conipletelv  expelled  and  the  precipitatc 
zinc  silicate  and  oxide  is  filtered  and  washed  with  water.  An 
excess  of  calcium  chloride  is  added  to  the  filtráte  and  the  resulting 
precipitate,  OOQmstiSg  Ot  calcium  carbonate  and  fluoride,  is  ireuted 
as  deseribed   on  page  372. 

Rcmark. — By  this  method  the  fluorine  prese nt  in  all  fliiorides 
can  1  >o  detarmined,  e.g.,  in  topaz,  LepidoKte,  ciyolite,  etc     With 

a  silieatv  COUtainillg  tnuch  silicn.  the  addition  of  silicic  acid  is 
imnecessary,  and  the  substance  is  at  once  fused  with  4-5  times 
as  much  Bodkon-potaasiun)  e&rbonate;  with  silicates  containing 
little  silica,  from  J-l  part  of  silicic  acid  is  added. 

Determination  of  Fluorine  in  Minerál  Waters. 

From  10  to  60  liters  of  the  water  (aceording  to  the  amount  of 
salts  present)  are  evaporated  in  a  Jar*:*'  porcelain  clish  to  drvn 


*  Tlic  tiquid  íoams  during  the  evnporatinn  owing  to  the  deeoinpnaítion 
of  the  excess  of  ammoniiun  i-iirhormt*';  tlie  t*vaponitinjr  dií*h  is  eovered  witli 
a  WRteh-Klnss  vint  ti  I  tu-  fvoliitmii  of  eurhou  díoxide  ceases, 

|  Motat  ^iric  oxide  is  dÚBKllvtd  in  ammonia  water  Tlie  oxide  is  beot 
prepared  by  diasolving  ehemícally  pitre  xinc  in  hyilroehloríe  acid,  mid  preeipi- 
tating  the  zinc  with  potassium  hydroxide;  the  přeci pitate  ia  filtered  and 
wasbed. 
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with  the  addition  of  enough  sodium  earbonate  to  keep  the  solní  ion 
faintlv  alkaline.  With  waters  eontaining  hirge  aniottnts  of  ilis- 
Bolved  salts  the  separated  sodium  chloride  is  removed  from  tinie 
totime;  indoing  thifl  it  is  necessary,  after  eaeh  addition  of  water  to 
the  dish,  to  wait  at  least  half  au  hour  until  the  liqiiid  has  assumed 
the  temperature  of  the  walrr-hath,  for  whcn  the  OOgllPOP  salt 
ia  deposited  from  a  cold  solution.  other  salta  will  crystallize  out  with 
t.  The  removed  salt  tfl  placed  in  a  funnel  provided  with  a  per- 
forated  pktinum  coneP  freed  from  nmthrr-li»mor  by  washing  twict* 
with  eold  water ,  and  the  wash  water  is  added  to  the  contents  of 
the  evaporating-dish.  The  deposited  salt  is  then  dissolved  in 
water  ainl  in  this  way  any  insnluhle  salt  is  obtained  from  it  and 
filtered  off.  The  residue  finally  obtained  by  the  evaporation 
is  taken  np  in  water,  filtered  through  the  filter  eontainitig  the 
insoluble  matter,  and  washed.  This  residue  mav  contain  ronsidcr- 
able  silicic  aeid;  calcium,  strontiuni,  barium  and  magnesium 
carbonates;  calcium  fluoride;  iron,  aluminium  and  manganese 
íiydro\ide>;  and  usually  calcium  phosphate  and  the  sulphates  of 
the  alkaline  carths. 

The  residue  is  removed  from  the  niter  by  a  si  ream  of  water 
from  the  wash-bottle,  euvered  with  dilute  acetie  aeid,  and  allowed 
to  stand  twenty-iour  bouifl  in  the  eold.  The  residue  now  rou- 
tami ng  silicii-  aeid.  barium,  aru l  strontium  sulphates,  calcium 
fluoride,  aiul  ferric  phosphate,  together  with  aluminium  and  man- 
ganese  hydroxides,  is  filtered  and  washed,  dried  at  120°  C,  and 
transferred  as  eonipletely  as  possible  to  a  platinum  erucible  aod 
the  ash  of  the  filter  added  to  it.  The  contents  of  the  erucible  are 
fnsed  with  sodium-potassium  earbonate,  aru  I  afler  extracting 
the  melt  with  water  the  fluorine  is  detrrmined  in  the  filtráte  as 
deseribed  on  page  H72. 

Rnnark. — The  calcium  fluoride  finally  obtained  slinuli  1  be 
tr-ted  for  fluorine,  for  the  addition  of  ealruim  chloride  will  alinost 
always  cause  a  precipitaticm  (c£  page  372),  whxch  may  conaisl  <»f 
calcium  fluoride  and  phosphate,  or  the  latter  nuly.  After  weigh- 
in^  the  preeipitate,  it  ifl  treated  with  a  few  drops  of  coneentrated 
sulphuric  acid  and  covered  with  a  watch-gl&aB  whoee  convex  sur- 
face  is  covered  with  a  thin  of  beeewax  with  a  few  lineš 

scratehed   in  the  latter.     The   rnieible   is   allowed   to  stand   this 


DETERMÍNATJON  OF  FLUORiNE  IN  MINERÁL   IVATERS.     375 

way  for  twelve  hours  at  the  ordínary  temperature.  A  little  water 
is  then  poured  upon  the  watrh-glass  and  the  crueible  is  heated 
over  a  tiny  fláme  until  the  vapors  of  sulphuric  acid  begin  to-  be 
evolved.  If  fluorim-  ifl  piCBCDt  there  will  be  a  distiiíct  etching 
of  the  glass  where  the  wax  rnating  was  rcmoved. 

The  contents  of  the  crueible  are  cautiously  evaporated  to  dry- 
nees  ia  an  air-baíh,  gently  ignited,  and  weighed.  The  rcsiduc, 
now  consisting  of  calcium  sulphate  and  possibly  calciura  phoft* 
phate,  is  dissolved  ia  hydrochloric  acid,  the  solution  evaporated  to 
dryness  and  the  residui  dissolved  in  a  little  nitric  acid  aru 
for  phosphoric  acid  by  means  of  animoiiium  molybdate,  If  the 
tel  u  parftiv©,  the  amount  of  fluorine  present  is  computed  as 
followa : 

The  originál  precipitate  weighing  p  gnis,  contained 

x  gms.  CaF,  and  y  pQ&  Ca1(P04)r 

After  treatment  with  concentrated  sulphuric  acid,  the  residue 
weighed  q  gms,  and  consisted  of 

mz  gms.  CaS04  and  y  gms,  Ca,(PO|)a. 

We  háve,  therefore,  two  equations: 

L  x    +  y=*p 
2.  mx+y=q 

and  from  these  it  f ollows 


x= r(í— p) 

m  —  1  *     r 


oř 


x=1.3435(g-p) 

t    AL      u  <{\     136.06     .^ 

In  tne  above  equatmn     m=  0       *  = — j^-— =  1.7443. 

Car,  *8 


If  phosphoric  acid  i  the  waight  of  the  calcium  fluoride 

should  stand  in  the  samé  relation  to  that  of  calcium  sulphate 
obtained  after  treatment  with  concentrated  sulphuric  acid,  as 

Cďí(78):CaSOl(136.06). 
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This  relation  doefl  Bflt  hold  exactly  in  practicc,  fnr  it  is  alm«»t 
impossible  to  obtain  a  preeipitate  of  ealcium  fluoride  absolutely 
írce  fruiii  silica. 

Rmjutrk.—Jí  the  insoluble  residue  obtained  from  the  evapora- 
[um  til  tlii'  Wíitor  aftcr  treatment  with  acetie  acid  contains  con- 
siderable  silica  it  can  be  analyzed  as  follnws:  It  is  dried  at  120°  Cj 
placed  in  the  U-shaped  deconiposition-tube  that  will  be  described 
beklWj  the  tlfa  of  the  filter-paper  added, aud  by  the  action  of 
coiuvntrutod  sulphuric  aeid  the  fluorine  is  volatilized  as  siliii 
fluoride.  This  is  not  weighod  as  described  oo  page  377,  but 
:d»nrbed  in  dilute  ammoiiia,  when  the  folio wing  deeoniposition 
takés  pláce: 

SiF4+  4NH.OH  -  Si(OH)(+  4NH,F. 

Often  the  amount  of  silieic  and  present  is  ao  srna II  that  it 
remains  entirely  in  solution;  ustially,  however,  a  disthu-t  tur- 
bidityis  evident,  which  is  a  proof  of  the  presence  of  fluorine,  The 
solution  is  treated  with  J  c.i\  of  double-norinal  sodium  carbonate 
solution,  a  little  ammoniaeal  zinc  oxide  is  added,  the  Bohitkm 
boiled  until  the  auimonia  is  expelled,  and,  after  filteruig,  the 
fluorine  is  determined  in  the  filtráte  as  CaF,  aceurding  to  page  371. 

Determination  as  Silicon  Fluoride, 

This  methíiil.  proposed  In  [ resenins,  dependa  npon  the  fact 
that  all  fluoridcs  are  decomposed  by  the  ariinn  of  conoentrftted 
sulphuric  acid  and  siliea,  while  the  fluorine  eseapes  as  silicon 
fiuoride,  wfaich  ran  be  absorbfd  and  weighsd. 

Proceduře. — From  0.2  to  1  gm,  of  the  very  fincly  powdered 
substance  is  intimately  inixed  in  an  agate  mortar  with  ignitnl, 
ťinrly  powdered  quartz,  and  then  by  means  OÍ  a  rvlinder  oř  glazed 
páper  it  is  transferred  to  an  absolutely  Ary  U  tube  about  2.5 Ulil. 
wide  and  20  cm,  long.  The  substance  remaining  in  the  mortar 
is  removed  by  rubbing  it  with  á  gntt.  of  the  powdered  <piartz 
and  the  iiiixtuiv  i-  ňťh  40  <\c.  of  eoneentrated  sulphuric 

i.  which    has  previmisly  hecu  heated  until  it  funies  Btrongly 
má  aftirwnrds  oooled  in  a  desiccator  over  l'l>,      Both  encte  of 
\hv  tube  are  then  dosed  with   rubber  stoppen  oontaining 
hole  in  each.    Through  on«  *>f  the  stoppera  is  paaaed  a  right-angled 
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tube  by  meansof  whirh  :i  drv  rurrent  of  air  írtr  faun  oarbon  dioxde 
can  be  conducted  thruugh  the  apparatus.  It  is  best  to  obtain 
the  air  from  a  gasometer.  Before  it  reaches  thrappnratus  the  air 
ís  ptnood  through  a  wasb-bottie  filled  with  oonceDtrated  Buipburic 
acid  and  then  through  fcíWO  I'  tubes,  the  fornier  eontaming  soda- 
litne  and  the  latter  glflffl  heuds  moistened  with  eonrentrated  sul- 
phurie  acid.  Through  the  other  stopper  is  also  plaeed  i  right- 
angled  tube  and  this  is  conneeted  with  a  senes  of  five  t  tttbee, 
all  the  oon&eetiona  being  air-tight.  The  tube  nearest  the  one 
eontaining  bhe  Bubstemse  ii  etnpty.  and  during  the  experiment 

it  is  cuoled  by  being  plaeed  in  a  beaker  eontaining  eold  water, 
The  ue\t  tube  mntains  gktt-WQoIj  QTj  if  the  Bllbet&noe  QOBtfl 
chlnrine,  half  of  it  is  filled  with  pumiee  impregnated  with  anhy- 
dfOUB  OOpper  sulphate*  and  the  other  half  with  ealeium  chloride 
free  from  lime.t  The  third  and  fourth  tubes  seně  for  the  absorp- 
OÍ  the  Silicon  fluoride.  The  first  is  filled  with  pieees  of  pumire 
moistened  with  water  and  the  latter  contains  soda-lime  in  one 
half  and  ealeium  chloride  in  the  other  After  these  tubes  is  plaeed 
a  safety-tube,  likewise  euntaining  soda-lime  in  the  first  half  and 
ealeium  chloride  in  the  other;  these  last  three  tubes  are  weighed 
botb  before  and  after  the  experiment. 

When  the  nppnratus  has  been  set  up  in  this  rnanner  and  the 
abeoq>tion  tubes  weighed,  the  substance  is  deeoniposed.  Ai 
first  a  slow  current  of  air  is  passed  through  the  apparatus  ní  Um 
rate  of  about  one  hiihhlc  a  sceond;  the  deeompošitioii-tube 
then  plaeed  i  ii  a  paraffirie-bath  and  the  latter  is  gradually  heated 
tu  150-160°  í\  After  the  bath  hus  been  kept  at  this  temperatinv 
for  one  or  two  hours  there  is  usuallv  no  further  evolutiím  of  gas. 
The  apparatus  is  then  allowed  to  eool  in  the  eurrent  of  air,  the 
ahsnrptinn  tubes  removed,  rubbed  with  chamois  skin  on  the 
outside,  and  allowed  toetand  near  the  balance  for  fifteen  minutí-. 


DfLof  pumiee,  in  piaeea  iboill  tlie  sizeof  a  pea.are  plaeed  in  a 
pruTťlain  dish  and  covered  with  :í  mneentrated  ■ottttfon  eontaining  25  jetoís. 
of  copper  ittlph«to.  Tíi*1  snlution  is  evaporated  to  dryness  with  constant 
stirring;,  heated  tliree  to  foui  hours  in  a  drying  oven  at  160°  C.  and  an  equal 
Imgth  of  time  at  200°  C.  The  warm  maas  is  iinmediatcJy  plaeed  in  a  flaak 
jtruvidcd  with  i\  rtihber  stopper  and  eontaining:  I  I  il< min  rliloridc  tulie*  It 
is  hygrogeopíc  and  when  DQOtft  it  will  ubsoro  síliron  fluoride, 
i  Oř,  p.  294,  foot-note. 
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At  the  end  of  this  time  the  stoppera  are  opened  foř  a  secoad  and 
títasx  okeed,*  and  the  fcubea  are  weighed.  Theíhcrcase  ol  uvight 
reprasents  the  wnount  of  SiF^  and  froin  this  the  aniuunt  of 
Buorine  praerrl  is  c&lculated  aa  follows:  Aaaumc  tlmt  a  gms.  of  eal- 
dum  fluoride  yiclded  p  gms.  of  SiFr  The  treatment  with  the 
conemtrated  sulphuric  acid  causcd  the  following  reaction  to  také 
plar 

20áP%+  2H2Si  \+  Si()2  -2CaSO,+  2H,0+SiF4, 

coasequently  the  following  pmportkm  hokb: 

SiF4:4F  =  p:s 

^•p-gm,  fluorine 

frlr4 


8  =  ~ 


and  in  per  cent. 


oř 


4F 
hiF4    r 

_  400F    p 
X~    SiF4    'a 

re  =  72.797-—  =  per  cent.  fluorine. 


Remark. — This  method  is  not  suited  For  the  determination 
of  fluorine  in  all  fluorides,  e.g.  topaz  and  micas. 

Detennination   af  Fluorine  as  Hydrofluosilicic  Acid,  according 
to  S.  L.  Penfield,f 

Principle. — Penfield  expels  the  fluorine  as  silicon  fluoride  in 
exactly  the  samé  way  as  in  the  method  of  Fresenius  (page  376), 
but  the  gas  is  absorbed  in  50  per  cent,  aleoholic  potassium  chloride 

itíon.  By  contact  with  wmi  er  the  silicon  fluoride  is  decompoeed 
into  hydrofluosilicic  and  silieic  acida,  The  former  unit  es  with  the 
potanium  chloride,  fonuing  potassium  si  lico  fluoride,  insoluble  i  ti 
50  per  cent,  aleohol: 

H2SiF,+  2KC1  -  K,Si  Ft+  2HC1, 

*  It  is  best  to  use  U  tubee  for  the  nbsorption  which  are  provtded  with 
ground-glass  stoppera  (stv  Fis.  48,  p.  298). 

t  Chem.  News,  3!i,  p  170;  siso  Aul  Chem.  Jour.,  1,  p.  27. 
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and  Betfl   hee   an    equivalent   amount  of   hydrochluric   acid; 
latter  is  t  i  tra  t  od   with    X  5  eodiuin  hydroxide  solution,  with  lac- 
moid  *    H   an   indicator.      1  fo&  the  calculation   thr  fullmving  pro- 
purtiuii  in»lds; 

1000  e.C,  X  T,  HCI- A  mo1  CW>  JF 
.'.  I  c.c.  N/5  NaOH =0.0234  gm.  CaF,  oř  0.01 14  um.  R 

Proceduře. — The  fluoride  is  decomposed  W3  befOTí  with  con- 
centrated  sulphuric,  acid  in  lbe  presence  of  ten  times  as  much 
tmrly-powdered  and  ignited  ijuartz.  The  si  Henu  fluoride  cvolved 
is  passed  through  a  drv  V  tube  half  filled  with  glass  hcads,  and 
placed  in  a  beaker  of  cold  water.f  Froin  herc  it  passes  into  a 
second  Li  tube  containing  20  c.c.  of  a  50  per  cent.  pntassium  chloride 
Wílution,  and  in  this  tube  ahnost  all  of  the  ulieon  fluoride  \>  abeorbed* 
In  order  to  remove  the  last  traces  of  the  latter,  the  "gas  is  allowed 
to  pass  through  a  thirtl  iT  tube  containing  10-15  c.c.  of  the  potas- 
sium  chloride  sulution.  As  soon  as  there  is  no  further  e  volut  ion 
of  gas,  from  5  to  ti  litera  of  air  are  passed  through  the  apparatus  and 
the  contents  of  the  second  and  third  0  tubes  are  titrated  with 
X  ">  sodium  hydroxide  after  the  addiťion  of  a  drop  of  laemoid, 
until  the  solution  tums  bhie.  On  the  sides  of  the  first  U  tube, 
where  the  gas  first  comes  in  contact  with  the  rnniature,  a  thiek 
paste  OÍ  silicic  acid  firmly  adheres.  This  must  be  removed  with 
the  help  of  a  bent  stirring-rod,  for  otherwise  some  enclosed  acid 
will  eseape  the  titration. 


GASOMETRIC    DETERMIIÍATTOIf    OF    FLUORINE,    ACCORDIffG    TO 
HEMPEL  AHD  Oettel.J 

(a)  Separation  of  Fluorine  from  Metals. 

For  the  determination  of  the  metali  pEMmtj  the  fluorine  usually 
can  be  removed  by  heating  with  concentrated  sulphuric  acid; 
in  the  čase  of  many  silicates  containing  fluorine,  however,  eg. 
topaz,  lepidolite,  and  other  micas.  this  treatment  will  not  aeeom- 

*  Penfield  recommends  eorhineal  as  indirator.  E.  fad^ue  idiixiin^dl  exeel- 
len t  reaiiltti  with  Ucmo&d  wlien  Utting  thfl  inrttind  m  the  authoťs  laboraťrv 

t  TI ns  tube  serveš  to  remove  any  sulphuric  acid  mechamcally  carried 
over  with  the  gas. 

JCf.  HempeVs  Methods  of  Gas  Analysis  (L.  M.  Deimis). 
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plish  the  desired  result,      In  such  cases  the  minerál  is  fuse* I  with  4  to 
6  ti  uch  Bodium-potaanuÍD  caitxmtfto,  t he  melt  isextracted 

with  water,  the  silira  and  aluminium  pn  1  from  the  solu- 

tion  obtained  by  means  <«f  aiiiinonium  carbonate  (see  page  372), 
aii<í  v«»  substance*  determined  in  the  nesidlie,  vvhile  the  filtráte 

ised  for  the  fluorine  analysis.  The  metáte  antl  the  remainder  of 
the  silicic  aeid  are  determined  in  the  residue  obtained  OD  extraeting 
the  melt  with  water  (ef.  p.  389),  The  esttmatinn  of  the  alkalies 
must  be  undertaken  in  a  separate  portům  of  the  sobstamv. 

(b)  Separation  of  Fluorine  from  the  Acids. 

1.   Deiennination   of   íhjdrochloric   and   Ht/droftuorie   Acids    in    the 
Presence  of  One  Another. 

In  the  čase  of  soluble  alkali  salts,  the  fluorine  is  first  precipi- 
tated  from  the  Bohxtlon  by  means  <»f  a  little  sodims  cartxma&e  and 
an  excess  of  ealcium  nitráte  solution,  as  described  on  p.  H72.  The 
filtráte  fa  acidifiefl  with  nitrfc  arid  and  the  chlorine  determined 
by  přeci  pitat  ion  with  silver  oitnrte,  ftCCOrding  (o  p.  240. 

Rirtwrk.—lí  phosphoric  aeid  is  present  at  the  sanie  tinie,  it  is 
precipitated  with  the  ealcimn  fluoride.  Wben  both  acids  are 
prezent  in  approximately  equal  amounts,  the  ealcium  salts  are 
weighed  and  the  amourit  of  fluorine  estimated  as  described  on  p.  375. 
In  the  filtráte  the  chlorine  Í8  determineil  as  before.  If.  however, 
more  phosphoric  than  hydrofluorie  aeid  is  present,  the  results 
obtained  by  this  indirect  analysis  are  inaceurate.  In  such  a  čase 
the  chlorine  and  the  phosphoric  acidfl  are  precipitated  together 
by  the  aádžtion  of  silver  nitráte  to  the  djgktly  alkaline  solution, 
the  preeípitate  is  filtered  ofí,  washed  with  as  little  cold  water 
as  possiblc.and  the  precipitate  treaied  with  dilute  nitric  aeid.  By 
iSver  phoÉ  [ovs  in  to  solution.  while  the  silver 

chloride  ba  unaffected.  In  oxder  to  detennine  the  aniount  of 
...  id  preeent,  the  silver  fa  removed  from  the  solution 
by  the  additioD  of  hydroehloric  aeid,  and  the  phosphorie  arid  is 
precipitated  in  the  filtráte*  by  addation  of  magnesia  mixture 
(cf.  p.  343). 

In  the  filtráte  from  the  silver  phosphate  and  silver  chloride  pre- 
eípitate, the  excese  of  silver  nitráte  is  removed  by  the  additioo  of 
sodium  chloride  and  the  Buorine  fa  determined  as  caldum  fluoride. 
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In  the  čase  of  an  insoluble  compound  containing  chloru  ie  and 
fluorinc,  the  melt  obtaitird  after  faUQg  with  sodium-potassium 
carbonate   i  ted   with    water,    the   silíca   is   removed    with 

animoniuin  garbonate  and  rinc-amtnonium  hydroxide  as  described 
on  p.  373,  and  the  chlorinc  and  fluoríne  determincd  as  abovr. 

In  a  majority  of  cases  it  is  more  coiivenietit  tO  determine  the 
two  acids  in  sepamte  pt >rt i< *n>;  of  the  substance. 

2.  Dctermhuitum  of  BoHc  a  tul  fíydrofluoríc  Aci/is. 

The  solution  contajlU&g  the  alkali  ftiltfl  of  these  twu  acid-  b 
preeipitated  at  the  boiling  tempera  ture  by  nicans  of  an  exO0M  q| 
calcium  chloride  ;  ihe  precipHate  ía  Gltered  aS  and  waahed  with 
hot  water. 

The  prcci|utati\  eonsistin*:  of  calcium  carbonate,  calcium 
fluoride,  and  sumě  calcium  boráte,  Ls  gently  igníted,  treated  with 
dilute  acetic  acid,  evaponitcd  to  dryness,  and  more  acetic  acid  and 
water  are  added.  By  this  mcans  the  calcium  acetate  and  cal- 
cium boráte  go  into  solution,  while  the  calcium  fluoride  is  left 
behiiul  and  is  analyzed  as  deseribed  on  p.  372.  For  the  boříc 
acid  determination  a  second  port  ion  of  the  solution  ia  taken, 
tUftde  barely  acid  with  acetic  acid.  and  treated  with  a  sli^ht  excess 
of  calcium  acetate  solution  in  order  to  precipitate  the  fluoríne. 
The  solution,  together  with  the  calcium  fluoride,  i>  jilaccd  in 
the  Gooeh  retort  and  subjected  to  distillation  as  deseribed  on 
p.  337. 


HYDROFLUOSILICIC  ACID,  HJ3ÍF*      IM  Wfc  144.42. 

Forms:  Calcium  Fluoride,  CaF.;   Potassium  Silicofluoride; 
09  volumetrically. 

1.  Determination  as  Calcium  Fluoride. 


Prinnplť. — Alkali    fluosilicates    are    deeoni posed    on    heating 
with  sodium  carbonate  solution  into  fluoride  and  silicic  acid: 


Na,SiF6  +  2Na,C03 + HjO  -  ONi  F 


IKsi<V 


21  í  I 


If  a  solution  is  to  be  analyzed  uontaining  free  hydrofluooQicic 
acid  or  its  sodium  salt,  it  is  treated  with  sodium  carbonate 
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tion  until  tne  reaction  is  alkaline,  a  considerahle  amount  of  antim>- 
nium  carbonate  is  added,  tne  sol  ut  ion  beated  t<»  about  40°  C, 
and,  after  Btandittg  twelve  hours,  the  precipitated  silicic  acid  is 
filtered  off, 

The  sólu  tion  now  contains  all  the  fluorine  as  sodium  fluoride, 
in  the  presence  of  smáli  amounts  of  silicit*  acid.  which  are  pre- 
oipit&ted  by  ihe  additioa  of  zine-amniunia  hydroxide  (see  p.  373). 
In  the  filtráte  the  fluorine  is  deterniined  as  calciutn  fluoride,  as 
deseribed  on  p.  372. 

Au  insnluble  fluosilicate  10  íused  with  FoUř  tÚttftS  as  much 
Bodium-potassium  carbonate,  the  melt  extracied  with  water,  and 
the  solution  subjected  to  the  above  treatment. 

2,  Determination  as  Potassium  Silicofluoride. 

This  analysis  is  onlv  applicable  for  the  determination  of  free 
hydroftuoeiliciu  aeid  in  aqueous  solution. 

Proceduru, — ! The  solution  Ls  treated  with  potassium  chloride 
and  an  equal  volume  of  absolute  alcohoL  The  barely-visible 
potasnuio  silioofluoridfl  \s  filtexcd  through  a  tared  filter  which 
bac  beec  dried  at  100°  C.  After  washing  with  50  per  cent.  aleohol 
the  precipitate  is  dried  at  100°  C.  and  weiíjhed  as  KjSiF,,. 

Th©  voluniefrie  dKermination  of  hydrofiunsilirie  acid  will  be 
discussed  in  Part  II. 


Analysis  of  Salts  of  Hydrofluosilicie  Acid. 

For  the  determination  of  the  metal  present,  the  salt  is  treated 
with  euncentruted  sulphunc  acid  in  a  plaiinum  dish  and  heated  until 
dense  fuines  of  sulpburio  anhvdride  are  given  off;  sOiooil  fluoride 
and  hydrofluorie  arid  voiatilize,  while  the  inetals  are  left  behind 
as  sulphates  (ef.  Vol.  1,  p.  354). 

Determination  of  Water  Přmmi  in  Fluosilicaiea,  (Rose-Jannasch)* 

The  water  cannot  be  determined  by  ignitíon,  becauae  all  fluo- 
silicates,  cven  topaz,  evolve  silicím  fluoride  when  subjected  to 
this  treatment  (cf.  Vol  1,  p.  856),     Ift  as  proposed  by  Rn<o,  the 


*  Ros  r     Lehrbuch  deranalyt.  ChM  IV1.  II;  and  Jaiuiawfa,  Prak 

tiacher  Ltitfftdes  drr  I  ".<  wtchtsanalyse,  Leipzig,  1*97,  p. 
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substance  is  fused  with  six  oř  eight  timcs  as  much  lead  oxide,  ali 
the  water  is  evolved,  while  the  fluorine  remains  behind: 

R.SÍF,  +  3PbO-  2RF+ 2PbF,+  PbSiOs. 

The  analysis  is  beet  performed  aceording  to  the  directions  uf 
Jannaseh;  A  bulb  with  a  capaeity  of  about  25  c,c.  is  hlown  near 
one  end  of  a  tube  oř  difficultly  fusible  glass  which  ifl  28  cm.  long 
and  1  cm,  wide.  Near  the  middle  of  the  taogéff  .-ide  of  the  tube 
is  placed,  between  asbestos  phjgB,  a  layer  3  to  5  cm.  long  of  pulver- 
ized,  anhydrous  lead  oxide,  and  this  end  of  the  tube  is  connected 
with  tvvo  weighed  calcium  chloride  tubes.  The  substance  is  phird 
in  the  bulb,  after  which  six  oř  eight  times  as  much  lead  oxide  is 
added  and  mixed  with  IhtaHibetanee  by  carefully  revolving  the  tube. 
A  dry  current  of  air  is  QOW  nmdueted  through  the  apparatns  and 
the  coiitents  of  the  bulb  are  slowly  melted.  All  of  the  water  and 
often  some  of  the  fluorine  W  thereby  expelled,  and  the  latter  is 
absorbed  by  the  layer  of  lead  oxide.  At  the  end  of  the  operát  i' m 
this  layer  is  cautiously  heated  with  a  moviiuz  fláme  nntil  no  more 
water  condenses  in  the  eooler  part  of  the  tube.  When  all  of  the 
water  has  been  driven  over  into  the  calcium  chloride  tubea  the 
latter  ar \  weighed  with  the  custoinary  precautinns. 


GROUP  vn. 

8ILICIC  ACID  (ALSO  TITANIC,  ZIKCOXIC,  TAXTALIC,  AND 

Nluiur  AriDS). 

SILICIC  ACID,  H.SiOj.     Mol  Wt,  78.42. 
1  'urin:  Silicon  Dioxide,  SiOr 

Two  c  ases  in us  t  ■ !  1  <  ■  Oúfisíd  er ed : 

(a)  The  silicate  is  dece  mi  posed  by  a« 

(b)  The  silicate  is  not  decomposed  by  acids. 

(a)  Silicates  Decomposed  by  Acids. 

These  are  treated  with  hydrochlnric  aeid  in  a  porcelain  -lish 
and  evaporated  upoo  tlie,Avater-bath  with  frequent  stirring  nntil 
the  residue  b  obtained  in  the  form  of  a  *\ry  powder.  Eo  many 
cases  the  decompositilm  is  shown  to  be  eomplete  by  the  fact  that 
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DO  gritty  particles  caři  be  felt  with  the  stirring-rod  on  the  bol  tom 
of  the  tlísh.  If,  however,  the  substance  eontained  quartz  oř  some 
sSicato  that  is  nut  deeumposcd  by  hydruchluric  acid,  this  is  not 
the  zam  and  the  proceduře  doseribed  on  p.  4(1")  is  then  foKowed. 

The  dry  powder  is  moístcned  with  conecntrated  hydrochloric 
acid  and  the  covcred  dish  is  allowed  tu  stand  at  least  tweittv  min- 
utes  at  the  ordinary  temperatnre,  in  order  that  basic  salts  and 
oxidee  for  med  during  the  evaporatioo  and  drying  niay  be  once 
more  changed  to  chlorídes.  Then  LOO  <\>\  of  water  ure  added,  it  is 
heated  to  boilin^,  and  after  lbe  silicíe  acid  has  heen  all 
Bettie,  the  clear  liquid  is  deeanted  through  a  niter  supported  lipou 
a  platinum  cone  planil  in  tli*:-  apex  of  the  fumiel.  The  residiie 
i-  washed  3  oř  4  times  with  hot  water  by  decantation,  then  trana- 
ferred  to  the  filter  and  washed  with  hot  water  until  free  from 
chloride*  The  precipitate  is  then  dried  by  nieans  of  suction, 
placed  in  a  platinum  crucíble,  and  set  aside  for  the  time  being. 
The  separation  of  the  silicic  acid  is  now  by  no  means  quantitai  i\  rej 
as  much  as  5  per  cent.  of  the  total  amount  inav  rcmain  in  the 
filtráte.  In  order  to  remove  this,  the  solution  is  once  more  evap- 
orated  to  dryness  on  the  water-hath,  kept  at  this  tempera  ture 
for  one  or  two  hours  (or  more),  rnoistcued  with  a  few  cubic  cen- 
timetera  of  concentrated  hydrochloric  acid,  and  allowed  to  stárni 
not  more  than  nftcen  mimi  tes.  f  Hot  water  ifl  then  added,  the 
residue  is  filtered  through  a  new  and  correspondingly  small  filter, 
and  washed  with  hot  water.  The  amount  of  silicií?  acid  now 
remaininír  in  the  filtráte  amounts  to  not  more  than  0.15  per  cent. 
of  the  total  amount,  and  for  most  purposes  can  be  neglected.  It 
can  be  removed,  however,  by  a  third  eva}>oration  to  dryne 
The  filters  containing  the  silica  are  ignited  wet  in  a  platinum 
crucíble  and  finally  over  the  blastdamp,  and  weighed.J  The 
silica  obt&ioed  ta  only  slightly  hygroscopic. 

*  If  the  precipitato  ts  nt*t  perfectly  white,  hut  somewhat  brownish  o* 
to  the  presence  of  a  basic  fernc  salt .  eonoentr&ted  hydrochloric  acid  is  allowed 
to  run  around  the  upper  edge  of  the  filter  and  is  ímmedtately  washed  down 
thmufrh  the  fumiel  by  means  of  a  strespi  of  hot  water.     This  is  rtptated 
until  the  filtráte  eornes  1  hroutili  peffectly  ci .lorless. 

t  By  being  kept  in  contact  with  the  aciil  for  too  long  a  timesome  silictc 
acid  witl  go  into  solution, 

í  With  regard  to  the  temperaturc  at  whteh  «*ihea  iscompletely  •  khvdrated. 


SÍLICIC  ACID 

Tesíing  the  Pttritij  of  the  SŮ 

The  siliea  thus  obtained  is  nevěr  absolutely  pure,  except  in 
the  analysis  of  a  water-glass.  tta  purity  mušt  always  be  test  ni. 
For  this  purpose  it  is  eovered  with  2  oř  A  e.e.  of  wuter,*  a  drop  «<f 
rnnrtMitnitOíl  sulphuric  acicl  ifl  added,  and  3  to  5  c.c.  of  pure  hydro 
fluorie  acid  (dis  ti  Hed  from  a  platinum  retort).  The  crueible  is  then 
plaeed  in  a  platinized  cone  (FSg  15,  p.  28)  OD  the  wator-baih 
and  evaporated  undcr  a  good  hood  unii!  no  rouro  vapors  are  cx- 
pelled.  The  excess  of  sulphuric  acid  is  then  removed  by  healing 
over  a  frče  fláme.  The  temperature  is  raised  and  the  crueible  is 
finally  heated  over  a  blastdamp,  after  wliich  it  is  again  weighed. 
This  proceas  is  repeated  until  the  contents  of  the  crueible  (usually 
AJjQi  and  Fe^Oj)  are  at  a  constant  weight,  and  this  amount  is 
dedueted  faun  the  weight  of  impure  silica. 

Remork. — In  order  to  niake  the  separation  of  silicic  acid  quan- 
ti  táti  ve  it  has  been  pro  posed  to  heat  the  residue  obtained  by 
evaporation  at  110°- 120°  &  It  has  been  found,  howevei\t  that 
nothing  is  gained  by  this  practiee;  as  samé  silicic  acid  is  obtained 
in  the  filtráte  and  the  deposited  silicic  acid  is  less  pure  than  when 
dried    on    the  water-bath.f     It    is,   therefore,    not    advisable    to 


there  is  a  dífference  of  opinton.  Lunge  and  Millbcrg  (Zeit.  f,  angew.  Chem., 
(1897),  p.  425)  statě  that  the  temperature  of  the  Bunsen  bunter  ia  sufficient, 
but  they  operated  with  siliea  obtained  by  the  hydmlysis  of  Silicon  tetra- 
ehioride,  in  ordeř  to  obtain  a  product  ubsolutely  free  from  alkaliea.  Hille- 
brand  (Am.  Chein.  Soe.,  XXIV  (1902),  p,  362)  confirmed  the  result* 
of  Lun^e  and  Millherjí  with  regard  to  the  ignition  of  ■  Hilica  obtained 
in  this  way,  but  positively  asserts  that  silicic  acid  when  obtained  by  thldopoiB 
positíon  of  bix  alkali  silicate  with  aeid  must  be  ignited  over  the  hlast-lnmp 
in  order  to  dchydrale  it  completely.  The  results  of  Hillehrand  háve  bees 
confirmed  in  the  author's  laboratory  by  A,  Schróter, 

*  If  the  water  ia  not  added,  the  masa  will  eflervesce  so  strongly  that 
there  is  danger  of  losing  some  of  the  iriipuro  siliea* 

t  James  P-  Qtlbert,  Tech.  Quarterly,  III,  p.  61,  and  Zeit,  for  anal. 
Chem..  XXIX  (isflll     (KS 

}  When  conmderable  magnesium  was  present,  more  siliea  was  found  in 
the  filtráte  after  igniting  at  2HQ°  than  when  dried  on  the  water-bjíth.  This 
is  due  to  the  fac-t  that  magnesia  formed  by  hydmlysis  reonites  with  the  siliea 
1o  fomi  magnesium  silicate,  and  the  latter  ja  decomposc^  by  hydrochloric 
arid  with  the  formát  ion  of  aoluble  silicic  acid. 
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attempt  to  dehydrate  the  silica  at  a  temperature  higher  ihan  that 
of  the  water-bath. 

(b)  Silicates  Rot  Decomposed  by  Acids. 
These  must  be  fused ;  this  can  be  effected  by 

(a)   The  Sod  i  um  Carbonate  Melhod. 

One  gram  of  the  very  finely  powdered  substance  is  placed  in 
a  spacious  platinum  crucible  together  with  4  to  6  parts  of  ttůéstsá 
Bodiuni  carbonate  (oř  a  mixture  of  equal  parts  >sodium  and  |" 
giuni  carbon  a  tes)  and  fused.  The  powdered  silicate  shon  Id  bfe 
intimatcly  mixed  with  the  flux  and  a  little  sodium  carbonate 
spriiikled  on  top,  the  crucible  eovered  and  heated  for  some  time 
over  a  sniall  fláme  in  order  to  drive  out  any  moisture  present. 
The  temperature  Bi  raisetl  gradually  until  finally  the  highest  hcat 
of  a  good  Teclu  bumer  is  obtained;  oř,  laeking  the  latter,  a  Mart- 
lamp  shoukl  be  ušed.  As  soon  m  the  mass  melts  quietly  and 
there  is  no  further  evolution  of  carbon  dioxide,  the  decompo- 
sition  is  complete.  The  crucible  is  seized  with  a  pair  of  crucible 
tongs  having  platinum  pointa  and  placed  in  cold  water,  but  so 
that  the  water  does  not  enter  the  crucible.  By  raeans  of  tliis 
rapid  cooling  the  melt  is  usually  detached  from  the  sides  of  the 
crucible  and  can  be  removed  by  simply  turning  the  crucible  up- 
ride  d«>wn  and  gently  tapping  its  sides.*  The  melt  is  received 
in  a  good-sized  beaker,  eovered  with  water,  a  suffidont  quantity 
of  strong  hydrochlorie  acid  is  added,  and  the  beakcr  eovered  with 
a  watch-glass.  A  lively  evolution  of  carbon  diozide  at  onoe  takés 
pláce,  but  in  proportion  as  silicic  acid  separates  out,  the  inner 
part  of  the  eake  gradually  becomes  coated  with  a  film  of  silicic 
acid  whieh  protecte  it  from  the  further  aetkm  of  the  acid.  Con- 
sequently  it  is  neeessary  to  break  up  the  cake  from  time  to  time 

*A  better  Tiirfhoíl  of  removing  the  melt  from  the  crucible  is   n 
OOBUdad  l>v   llillrhnind:    The  crucible  ífl  Beizcd  with  tbt  fiOBgl  while  íts  ťon- 
teBta  an.'  *till   lit|iiul  and  a  cireular  mot  ion  is  imp.irhd  to  l.h*»  Littcr.       Hy 

fchia  mroni  the  melt  aolidifioa  r>n  the  Hulíš  aru!  bottotn  of  the  crucible  tu  Ibin 
kvere  whíeh  can  usually  be  removed  from  the  crucible,  aud  the  decomposi- 
ťwm  ťv  tetdfl  is  greatly  fucílitated.  ¥C€  another  niethod,  see  Talboťs 
Qu&u  lítati  ve  Chemical  Amilysis,  p.  33. 
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by  means  oř  a  glass  rotí  until  finally  there  i>  no  further  evolution 
of  a  gas  and  no  more  haní  lump*  remain,  When  manganese 
ÍS  present  the  melt  \s  eolored  green  and  the  sólu  t  ion  is  pink.  The 
latter  is  heated  until  this  pink  eolnr  disappears  and  is  then 
transferrod  to  a  platinum  dish  (oř  lacking  thisř  oue  of  pnreelain 
may  be  ušed),  The  smál]  amount  of  the  melt  adherin«i  to  the 
sides  of  the  crucible  is  transferred  to  the  contents  of  the  dish  by 
means   of   water  and    hydrochloric    acid.     The  solution    is   then 

K/nl  ;is  deseribed  ob  page  ;í" 

tfamtrk. — If  the  íusion  cannot  lie  removed  frnm  the  crucible, 
it  is  placed,  together  with  itfl  cover,  in  the  heaker  and  treated  as 
above. 

In  this  čase,  if  the  melt  was  verv  green-colored,  it  shoulrf  not 
be  decom  posed  with  hydrochloric  acid,  but  with  mtric  acid,  for 
the  chlorine  Bvofred  by  the  ftetíon  of  the  hydrochloric  acid  upOS 
the  manganate  would  attack  the  platinum. 

Substanrrs  nmtaitiing  considerable  fliiorinc  cannot  be  tivatrd 
as  above,  for  silicon  fluoride  will  be  lost  by  vnlatilizatiom  In 
this  čase  it  is  necessary  to  use  the  old  method  of  Berzelius.  The 
melt  froni  the  sodium  carbonate  fusion  is  extracted  with  water, 
as  in  the  determination  of  fiuorine  (p.  372),  and  the  greater  part 
of  the  silica  removed  by  means  of  ammonium  carbonate.  The 
přeci  pit  a  tc  is  filtered  off,  ignited,  and  weighed. 

The  silicic  acid  remaining  in  the  filtráte  is  precipitated  by 
means  of  ammoniacal  zinc  hydnucide.  The  precipitate  thus  ob- 
tainedj  eonaisting  of  zinc  oxide  and  zinc  silicate,  is  deeompoaed 
with  hydrochloric  acid  and  the  silica  ohtained  by  evaporafion 
oa  tlie  water-bath  as  usuaL  As  a  rule,  the  insoluble  part  of  the 
melt  contains  silicic  acid,  and  this  must ■  alsn  be  removed  by  evapo- 
ration  with  hydrochloric  acid.  All  thrce  silica  precipitates  are 
ignited  together  and  the  purity  of  the  silica  tested. 

Hesides  the  sodium  carbonate  method  for  the  analysis  rf 
stlicates  not  deeutnposable  with  acids  a  great  miinbcr  of  other 
methods  háve  been  proposed,  but  of  these  only  the  followiiig  will 
be  mentioned  here. 
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(/J)  Lead  Oxide  Mstíiod  oj  Jannosck.* 

This  analysis  is  interesting  beeause  it  permits  of  an  exact 
deterniinatkm  of  tlie  alkalics  and  of  silicic  acid  in  the  sanie  samplc. 

Inasmuch  as  eommerehd  lead  oxide  (litharge)  is  not  lne  froffl 
impuritics,  it  m  prepared  for  the  analysis  by  the  ígnitíoD  of  pure 
lead  earlíMiuite. 

The  lead  carbonate  is  prepared  by  adding  the  theoretiea] 
amonní  df  ainnu  miitTu  fsaxixmttte  to  8  botlklg  solution  0Í  lead 
arctate.  The  predpitatc  ta  washed  several  tirnes  by  decantation 
with  hot  water,  then  transfenvd  to  a  hardened  filtert  and  mm- 
pletely  washed,  using  Buetion.  Tlie  niass  is  finally  carefully  re- 
moved  froni  the  filter-paper  and  dried  on  the  water-bath. 

Proceduře. — For  eftcfa  gram  of  the  silíeate  10-12  fpm,  of  lead 
carbonate  are  ušed.  First  of  all  a  lit  tle  lead  car] 
in  the  crueible,  then  the  verv  firiely  powdered  substance,  and  after 
mixing  thoroughly  with  a  platinuiu  spalula  lbe  covered  crueible 
is  heated  for  fifteen  to  tuentv  minu  tes  over  a  fláme  which  is 
not  more  than  3-4  cm.  hígh,  by  which  means  the  greater  part 
of  the  carbon  dioxide  is  expelled.  The  contents  of  the  emeible 
are  then  more  strongly  heated  tmtil  fusion  is  effcctcd,  taking  < 
that  the  fláme  ušed  is  strictly  non-Iuminous ;  the  lower  third  of 
the  crueible,  and  no  more,  may  be  heated  to  redness. 

After  fusiug  for  ten  to  fifteen  minut  es  the  decomposition  is 

i  plete,  and  the  covered  crueible  is  quiekly  touched  into  cold 
water,  but  so  that  itfl  cnntenls  ivmain  dry,  The  melt  is  placed  in 
a  platinuiu  dish,  co%'ered  with  hot  water  and  a  suíficient  tpiantity 
of  coneentrated  nitric  aeid  and  evaporated  on  the  water- ba tht 
breaking  up  the  melt  with  a  stirring-rod   as   much    ;  i>Jc. 

When  the  cake  is  eonipln.  ]v  diMiitcgrnted,  as  is  shown  by  there 
remaining  no  more  hard  yellow  pieces  and  onlv  siightly  eolored 
Bočka  of  silicia  a<id  fioating  in  the  liquid,  the  lutter  is  evaporated 
pd  the  water-bath  until  a  dry  powder  is  obtaincd ;    this  u 
ened  with   coticentrated    nitric    acid   and  once  more  evaporated 


♦Gaston  Bong,  Zdt.  fli*  aanl.  Chrni.   XV1H    (1879),    p.   270,  hrst  pro- 
pooed  tbal   h!  decomposed   by   fusioo   with    red  l<:ni  (Fbt04)i   lnit 

Jamiasch   in   bis   Pmktischts    Leitfaden    der  Gewichtsanalyse   has  greatly 
íitj proved  the  method. 
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to  complete  dryness.  The  drv  residue  is  moistencd  with  20  c.e.  of 
omcentrated  iiitric  ftcid,  and  allowed  to  stand  fifteen  minutes;  100 
c,c.  of  water  are  added,  and  the  líquid  is  heated  for  twenty 
minutes  00  the  water-bath.  The  residue  <>í  silicic  acid  is  filtered 
off,  washed  first  with  bot  water  eontaining  nitric  acid,  then  with 
puie  water,  and  wdghed  ařier  the  umial  iguition. 

Ratiark. — In  the  anály  sis  of  mincrals  eontaining  fluorine,  e.g. 
topaz,  Jannaseh  finds  that  the  results  obtained  are  about  0.5-1 
per  cent.  lower  than  when  the  Herzelius  method  is  ušed.  In  such 
a  čase  this  niethod  of  áeoompoátíoa  is  ušed  ordy  for  the  deter- 
mination  of  the  metala  and  of  the  alkalies,  after  introduction  o£ 
hydrogen  sulphide  and  reraovaí  of  the  lead. 

AlíALYSIS  OF  SlLICATES* 
Orthoclase. 

Constituents :  silicic  acid  {63-70  per  cent.) ;  aluminium  oxide 
(16-20  percent.);  ferric  oxide   (O.íí  per  cent.);   potattilUD  oxide 

(S-Hj  per  cent.);  eodium  oxide  (1-6  per  cent);  and  nfíen  sinali 
amounts  of  calcium  oxide,  magnesium  oxide,  and  in  rare  cases 
barium  and  ferrous  oxides. 

Prcjxíration  0}  the  Substance  for  Analysis. 

The  substance  is  plaeed  upon  a  thick  steel  plate  within  a  Steel 
ring  (about  2  cm,  high  and  6  cm,  in  diameter)  and  broken  into 
■mál]  pieces  by  mcans  of  i  hurdgňiwi  steel  hammer;  the  pieccs  am 
rheu  retluccd  tíi  a  coarse  powder.  The  Jatter  is  plaeed  in  au 
agate  innrtar  in  small  portions  and  ground  as  fine  as  possible 
and  proflorved  in  a  gbflfrgtoppered  bottle.  In  this  way  from  5  í> 
gms.  of  powder  are  obtained. 

By  this  means,  í.s  prnposed  by  Hillebranrl,  there  is  less  dani»er 
pf  COOtaminatmg  the  substance  %v  ith  small  partieles  nf  iron  than 
when  a  so-called  steel  mortar  is  ušed,  especially  after  the  lattcr 
has  been  worn  rough  on  its  irmer  snrface,  Further,  the pfftcj 
of  pontfig  the  powder  through  bolting*ck>th  is  to  be  avotded  when 
iblc,  as  in  this  way  the  substance  hecnmes  eunfiíminatcd  with 
hbtes  of  clotii  and  too  large  trn  amount  of  ferrous  iron  will  be 
fuund. 
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Weighing  the  Substance, 

It  is  ciistomary  to  drv  the  powder  before  weighing  at  105- 
1 10°  C.  uritil  a  eonstant  woieht  is  uhtained.  lí  there  is  daiiger  of 
losing  combined  watar  by  this  proceduře,  it  has  been  recommended 
to  drv  the  powder  in  a  vacuiun  over  concentrated  sulphuric  acid. 
The  practice  of  drying  the  substance  in  either  of  the  al>ove  ways 
is,  however,  to  be  discountenanced.  It  is  far  better  to  use  the  air- 
dried  substance  for  the  analysis,  and  to  determine  the  rnuisturc  in  a 

inite  saniple.  This  is  more  nrcurato.  boeaiise  the  dry  silicate 
powder  is  hygroseopic,  so  that  a  portion  wcighed  out  to-day  is 
likely  to  ccmtain  a  different  amonní  of  nmisture  than  ODe  taken 
to-moirow,  nru\  thls  is  not  the  ease  when  the  air-dried  powder  is 
taken  for  the  analysis,  Furílu-r,  as  HiHebr&nd  bafl  ronelusively 
shnwn.  eheniieally  combined  water  is  not  only  likely  to  be  ex- 
pelled  by  heating  at  100°  0.,  but  also  by  drying  in  a  vacuuiu 
OVCf  sulphuric  acid.  This  is  particularly  trne  of  the  zeolites.  In 
the  rase  nf  oftboclaae,  bowever,only  about  Ó.l  per  cent.  of  moi 
ure  is  present,  so  that  in  this  partiiular  čase  aceurate  results  wi0 
btained  by  either  inethod. 

For  the  analysis  two  portions  must  be  taken t  earh  amou&ting 
ti»  aboul  1  <rm.  in  weight*  The  íirst  serveš  for  the  detcnninatiun 
ní  Si02,  AU  )3+ Fe^í X,  CaO,  and  MgO;  the  second  for  that  of  the 
alkalies. 

Determination  of  Silica,  Aluminium,  etc. 

About  1  pí),  of  the  air^iried  substance  is  placed  in  a  spacious 

platinuin  ďucible,  dried  for  one  hour  at  120°  C.r  cooled  in  a  děsu  - 

<>r,  and    weighed.     Tlie    diflerence    in    weight    represents    the 

.not  of  mnisture.  The  heating  is  continued  until  a  eonstant 
weight  is  Dlitained.* 

+  In  the  eaM  <>f  mast  silicates,  as  Hillebrand  has  shown,  the  water  is  not 
oompletely  expeSbd  at  120°  C,  It  m  bosi,  tberefore,  to  obtain  a  ronstant 
weight  by  drying  at  105-110°,  and  io  B  Mpamtfl  portion  the  total  amount 
uí  naotsture  KS  dotrrmíned  by  IgnKtng  stroogly,  fínaily  over  the  blast-lamp. 
li  is  advisable  to  make  the  analysis  for  Ética,  et©M  in  a  different  portion; 
B  tlie  drying  at  105°  C.  is  incomplete  after  tiventy-íotir  hours,  and  aíter 
ijrníttori  the  substance  is  no  longer  in  the  foroi  of  a  powder. — [Tram*- 
btor.j 


DETERMINATION  OF  ALUMÍNIUM  AND  FERRIC  OXIDES.     391 

The  drv  substance  is  mixed  with  4  to  5  gms.  of  ealťined  sndium 
carbonate  by  means  of  a  plaiimnn  spanilá,  and  the  Blikač  &aid  is 
detennined  exactlv  as  drsni  hed  00  p.  380, *  The  silica  abtaóned 
is  freoted  wíth  sulphuric  and  hvdrofhiorir  ands,  as  descnbed  on 
p.  385,  and  the  residue  of  Al2( \  in  the  crucible  is  placed  at  ona 
side  for  the  present. 

Detcrmination  of  Aluminium  and  Ferric  Oxides. 

The  filtmte  fmm  the  sificfc  add cont&ina, beeidea  the  chlori 

of  aluminium,  iron,  calcimu,  and  magnesium,  weighahle  amounts 
of  platiímni,  partly  commg  fnnti  the  cnieible  in  which  thr  fusimi 
was  made.  and  partly  from  the  artion  of  the  ferric  chloride  and 
hydrochloric  acM  apon  the  planinim  dish  in  which  the  cvapora- 
tinn  book  pláce  (cf.  p.  96,  foot-note). 

To  remove  the  plathmni,  the  solution  is  heated  to  boiling  and 
hydrogeo  Bulphide  to  paesed  bito  it.  The  mixture  of  platinuni 
sulphide  and  sulphur  is  filtered  nff  and  lho  solution  is  boiled   to 

azpd  the  e\frss  of  bydrogeo  sulphide.  The  iron  is  then  oompletety 
oxidized  baek  to  the  ferric  statě  by  the  addition  of  bromine  water 
and  hoiling  until  the  pxcess  of  ťho  latt-r  is  expelled.  Afteff  this 
about  10  r.<\  of  doublc-normal  ammoniuni  chlorit!*'  .solution  ajt 
Bddod  and  the  boiling-faot  solution  is  prccipitated  by  the  addition  of 
a  slight  excess  of  ammonia  free  fmm  carbonate  (cf.  p.  121,  Remark). 

*  FonmHv  n  stngk  evaporation  of  tlio  melt  wfttb  hydrochloric  acid  was 

madc,  and  it  was  assunicd  tliat  the  silicii  rcmaiiiing  in  solution  was  quan- 
lítntí \ «  Iv  precipitated  wíth  tlie  iron  a&d  aluminium  hy  the  additiun  oí  animtt- 
tiia.  Vfor  obtaifting  ltt«  wcijrht.  úf  the  ihhíOmI  ammonia  preeipitat*  it  waa 
fused  with  potassium  pVTOtÚphate  atld  fche  nult  titken  up  in  the  dilutc  sul- 
phuric acid;   tbc  raaUhial  silíca  was  ííitered  off  and  utichni,    Tin 

was  niirily/rd  as  above  deseribed,  Ilillcbraiid  has  ivcetitlv  shown  that  this 
proceduře  is  maceurate.  In  the  lisí  pláce,  tlie  Fiiiea  remaining  in  solution 
tot  rompletely  thrmvn  tii.nvn  with  1  ho  imn  and  ahimtnium  prccipitate, 
and  in  thr  Btcood  plac*-  the  silk-ie  acid  is  not  abaofately  insnluhle  in  diJnte 
sulptmrir  acid.  Hillebrand  found  that  fnírn  a  aolntiiin  containing  (120 
řCm.  AljO,  and  0,0101  piu.  SíO,  as  murli  as  0.(K)07  ^tti.  Si« ):  rould  [>e  dttocted 
in   the  říltratp  fmm  íhr  ammoata   prrripitatr.     Fmm  the  potassŤtun   pyro- 

suíphatc  nw\t  lu-  Buoccoded  Ui  obtami^g,  according  ta  the  r>Id  methodt  t>nly 

0.003H  gm.  Si()„  while  he  ohíained,  hy  evapomting  the  solution  until  Pw 
of  gulphuric  ííphI  came  off  and  Biibeeqiientiy  dilutinp  wíth  watrr,  as  much 
aa  O.OOGOgni.  SiOr  oř  ala>ut  t-wire  as  rnuch  a^  was  at  firet  insoluble. 
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The  prec.ipit.ali~1  ífl  ;dlo\ved  to  Bettíe,  after  which  it  is  filtered,  and 
washed  twioa  by  deeantation  with  hot  water,  It  is  then  dissolved 
by  running  hot  difaxte  hydrochloric  acid  through  the  filter  into  the 
braker  oonta&niog  the  grcater  part  of  the  precipitate.  The  precipi- 
tation  with  ammonia  Ls  repeated  as  before,  and  after  nltering  and 
washing  by  decantation,  the  precipitate  is  trunsfeiTed  to  the  niter 
and  washed  until  free  from  chloride  with  water  containing  am- 
monium  nitráte  The  precipitate  ifl  allowed  to  drain  as  compleiclv 
as  possible,  and  Ls  ignited  wet  in  the  crucible  containing  the  rcsidue 
obtained  from  the  treatment  of  the  inipure  aiiica  with  sxilphuric 
and  hydrofluoric  acids.  After  igniting  strongly  over  a  good  Teelu 
burner  (or  thr  bhjst-Iamp)  the  crucible  ls  weighed;  its  i 
reprcsents  the  sum  of  the  aluminium  and  ferric  oxides. 

For  the  detenntoation  of  the  ferric  oxide,  the  ntixed  oxides 
are  fused  with  potassium  pyrosulphate  as  d  esc  r  i  bod  on  p.  95. 
The  decompositioii  is  eomplete  after  two  to  four  hours.  The  nie.lt 
is  dissolved  in  water  containing  a  lit  tle  sulphnric  acid  and  the 
iron  is  determined,  after  previous  reduction  with  hydrogen  sulphide, 
by  titration  with  potassium  pcrmatiganate  (cf.  p.  79).  lf  the 
weight  of  the  Fe^Os  is  deducted  from  the  weight  of  KeaOa.+AlaOai 
the  weight  of  Al403  is  obtained-* 

Determínation  of  Caleium. 

The  combincd  filtrates  from  the  ammonia  precipitate  are 
evaporated  to  a  small  volume,  heated  to  boiling,  and  procipitated 
by  means  of  a  boiling  solution  of  aminoniuni  oxalate.  After 
sta nd i ntr  t-welve  hours  the  raleium  oxalate  is  filtered  oflf,  and  with 
small  amounts  of  caleium  this  precipitate  is  ignited  wet  in  a  platinmu 
crucible  and  wtíghecL     If,  however,  mnsiderable  caleium  is  present, 


♦Tlie  amouiit  of  iron  and  aluminium  ran  he  detrrniinnil  more  quirklv. 
tliougli  lem  ftocurmtely,  as  foilows:  Tbi  motat  ammonia  precipitate  is  dis- 
solvcd  in  bot  dilute  sulphnrir  acid  and  ddnted  lume  of  exactly  250 

c,c      After  thomughly  mi\ing,  100  c.c.  are  removed  hy  means  «»f  a  pipet te 
i  beaker  and  *  Booood  portům  of  tíh  hune  is  placed  in  a  200- 

Soflk.  I  ti  tli**  first  portion  tlie  sum  of  Fe4Os+ AljO*  ie  detormined  by 
přeci  pitatínt;  with  ammonia,  fittermg,  igniting:,  tma  weighing;  in  the  other 
portion  the  iron  is  reduced  by  hydrogen  sulphide  and  tben  tttntfted  with 
permanganate 
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themoist  preeipitate  is  redissolved  in  hydrochloric  acid,  and  agftia 
prccipitated  by  the  additioit  of  ammonia  and  a  lit  tle  more  am- 
monium  oxalate.  The  preeipitate  is  ignited  strongly,  and  weigbcd 
as  CaO. 

Testmg  of  the  Calcium  Oxide  Preeipitate  for  Barium. 

Although  it  is  usually  unnecessarv  to  niake  eithor  a  qualitative 
oř  quantitative  test  for  barium  in  a  sampfa  of  orthoclase,  vet  it 
is  likely  to  be  present  in  traces  so  that  it  may  bc  well  to  show 
how  this  eia  be  doně.  As  far  as  the  author  knows  strontium 
has  nevěr  been  found  in  orthoclase.  On  aerount  of  the  soluhílity 
of  barium  oxalate  in  a  sólu  t  ion  ol  ammonium  oxalate,  the  barium 
will  rarcly  be  found  in  the  calcium  preeipitate  when  a  double  pre- 
cipitation  is  made,  exeept  when  it  is  present  to  an  extent  of  more 
than  3  oř  4  mgnas  * 

To  test  the  calcium  preeipitate  for  barium,  it  is  dissolved  in 
nitric  acid,  evaporated  to  dryness,  and  heated  for  some  tinie  at  140° 
C.  The  calcium  nitráte  is  dissolved  out  by  ether-aleohol  (p.  73,  g), 
and  anyresidue  remaiimi£  behind  is  tested  HQ  the  speetrosrope  for 
barium.  If  an  appreciable  amount  of  the  iattrr  b  ÍOtmd,  the 
ealeium  niust  be  detennined  in  the  ether-aleohol  extraetion,  It  is 
rnrofully  evaporated  to  dryness,  the  residue  dissolved  in  a  lit  tle. 
Wfctet  and  precipitated  aa  before  by  the  addition  of  ammonium 
oxalate.  After  standbur  twelve  hours  the  preeipitate  is  filtered 
oíTt  washed.  isítiited.  and  \voÍLrhed,  If  no  barium  is  found  with 
the  lime,  it  is  by  BO  means  safe  to  conclude  that  the  former  is 
absent;  it  can  very  well  háve  gone  into  the  filtráte  from  the 
double  prceipitation  of  calcium,  This  amount  will  be  precipitatrd 
with  the  magnesium  as  barium  phosphate  unless  it  is  removed  as 
indicated  below. 

For  the  quantitative  deťennination  of  barium  a  separate 
pOrtiOD  of  the  substance  is  taken  (see  brlow), 

Deterrnínation  of  Magnesium* 

The  mmhined  fiHrat es  from  the  ealeium  oxalate  are  evapo- 
rated to  dryness,  ignited  in  a  poreelain  dish,  and  the  residue  dis- 
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solved  in  water  to  which  a  few  drops  of  hydrochloric  acid  háve 
beeo  ádded.  The  carbouacenus  residue  is  fdtered  off,  a  drop  of 
sulphuric  acid  added,  and  ti  ve  s<dution  is  allmved  to  stand  twelve 
hours  to  see  if  any  precipitete  of  barium  sulphate  wilJ  form.  In 
the  latter  čflae,  the  prccipitate  is  filtered  off  and  test cd  for  barium 
aooording  to  Vol.  I.  p  82;  ba  the  filtráte  from  the  barium  sulphate 
the  magnesium  is  determined  as  described  on  page  61. 

Determination  of  Barium. 

If  the  qualitative  taffta  háve  shown  the  presence  of  barium, 
a  larger  sample  OÍ  the  substance  i>  Wéigbed  out  (about  2  gms.) 
nnustencd  in  a  plulinurn  disli  with  10  c.c.  of  sulphuric  acid  (1:4) 
and  5  c*c.  of  hydro  fluoric  acid  are  added,  The  liquid  is  evapo- 
rated  on  the  watrr-bath,  with  frequent  siirring.  nutil  the  mim  ral 
is  completely  decomposcd,  which  ta  tecognised  by  there  no  longer 
Innng  any  sandy  particles  perceptible  on  stirring  with  a  plaťmum 
spatula.  Ircqueiitly  a  furlher  addition  of  hydrofluoric  acid  is 
neeessary.  When  the  deconiposition  is  compktej  the  greater 
part  of  the  sulphuric  acid  is  remove<l  by  heating  the  contents  of 
the  diah  in  an  air-bath,  After  cooling,  the  residue  is  takcn  up  in 
water,  and  the  barium  sulphate  is  filtered  off,  and  ignited  wet 
in  a  plaťmum  crucible.  The  precipitate  thus  obtained  alw 
contains  small  amounts  of  calcium  sulphate  which  m\\>\  be  ehm- 
inated.  To  aceomplish  this,  the  residue  in  the  crucible  is  dis- 
solved  in  a  little  hot  eoncentrated  sulphuric  acid,  and  after  cool- 
ing the  solntiun  is  diluted  with  cold  water.  The  barium  sulphate 
db  Tnuv  cinnpletely  free  from  calcium;  it  is  filtered  off,  ignited, 
and  weighed, 

Determination  of  the  Alkalies. 
(a)  Method  oj  J,  L>  ih* 

Principle* — The  substance  is  heated  with  a  mixture  of  1  part 
ammmtium    chloride   and    8   parts    raleium    carbonate.     By    I 

ma  the  alkaliefl  are  obtained  in  the  form  of  chlorides,  vrtule  the 
rcmaining    metala   are  for  the  most  part  left  behind  as  oxidea, 

*  Atn.  Jour.  Science  [2],  50,  p,  2G9,  and  Anu.  d.  Chem.  u.  Phann     159, 
J  (1871). 
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and  the  silica  is  changed  to  calcium  silicate,  as  repreaented  by  the 
folio  wing  equatkm; 

%  KAlSist  j*+ GCaOOa+  2NH,C1  - 

=  6CASÍ0.+  6€02+  A1,0,+ 2KC1  -f  2NH,*  Ha0. 

The  alkali  chlorides  together  with  calcium  chloride  caii  be 
removed  froui  lbe  sintered  voam  by  leaehing  with  water,  while 
the  other  oOBstituenta  remain  undissolved. 

!'n  fMiration. — The  ammnmuiu  chloride  necessary  for  the  de- 
temiination  is  preparcd  by  subliming  the  cciminercial  salt:  the 
calcium  carbíinate  by  dissolviug  the  purest  calcite  obtainable  in 
hydroehloric  acid  and  precipitating  with  aiiunonia  and  ammonium 
carhoriate.  This  last  opera!  ion  is  perfonned  in  a  large  porcelain 
dUh.  After  the  preeipitate  has  settled,  the  elear  Bohitioa  is  poiued 
off  and  the  preeipitate  is  WEfthed  by  decantation  untíl  řiee  ttom 
chlorides.  The  pnxluct  thus  obtained  oontains  traeee  of  alkalies, 
but  the  arnoiint  present  is  dcterniincd  once  fot  all  by  a  bíank 
test  and  a  oorresponding  deductioa  made  Erom  fcbe  reeulte  of  the 
analysis;  it  is  usuallv  sodiuni  chloride  and  amounte  to  0.0012- 

0.0016  gm,  fÓT  S  gms.  calcium  carhonate.  The  dccompitsitHin 
OTBB  perfORDed  by  Snrith  in  a  ringer-shaped  cmcible  ubout  S  cm. 
long  and  With  a  diameter  of  áboul  2  cm,  at  the  top  aiuí  1J  cm.  at 
the  bottom.  Such  a  cmcible  is  sui  table  for  the  decnmpositioii 
of  ob  nit  0,5  gm.  of  the  minerál.  A  larger  quantity  can  be  analyzed 
in  au  oitUrtary  platí  mim  cmcible. 

Filhftg  tilň  Cruťibl*. — About  0,5  gin.  of  the  minerál  is  mixe*] 
with  au  equal  quantity  of  sublimed  ammonium  chloride  by  trit- 
uration  in  au  agate  mortar,  t hra  3  gms.  of  calcium  carhonate 
are  added  and  intimately  mixed  with  the  foriner.  The  mixture 
i-  tnuisíerrcd  to  a  platinum  cnicible  with  the  help  of  a  piece  of 
glazed  páper,  and  the  mortar  is  rineed  with  mie  mam  of  calcium 
carbon&te,  which  is  added  to  the  oottte&ta  of  the  crucible. 

The  ftjmtion. — The  eovered  crueihle  is  placed  in  a  slightly 
inciined  pusition  and  grád  na  I  ly  heated  over  a  sinali  fláme  nutil 
HO  more  ammonia   is  evolved*    (this   ihould   také   about  fifteen 


*  Dutiiiíř  this  part  oi  the  operatioB  the  heal  tbonld  U-  kep4  ?<»  lom  ttuit 

amnionium  chloride  docs  not  esca]*'.  Thv  IuUit  is  diasociated  ioto  anminnia 
and  hydrochloric  ticid  by  thr  hcat,  and  the  acid  mútes  with  the  ealcium 
carbc»t»ate  to  f<jrm  calcium  chloride.— (Translator.] 
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minutes),  then  the  temperature  is  raised  until  íinallv  thc  lower 
tlm.v-fmirths  (and  no  more)  of  the  crucible  are  brought  tú  a 
duli  red  heat,  and  this  temperature  is  maintained  for  50-60 
minutes.  The  rnicible  is  then  allowed  to  cool  and  the  sintoivd 
cake  usually  can  l»e  removed  by  gently  tapping  the  inverted  cru- 
cible. Bhotild  thifl  not  be  the  rase,  it  is  digested  a  few  minutes 
with  water,  whieh  serveš  to  sof  ten  the  cake  so  that  it  C&D  be  readily 
washed  Loto  a  large  porcalain,  or,  better,  platinum  dlah,    The 

'•red  dish  is  heated  with  50-75  c.c.  of  water  for  halí  an  liour, 
replacing  the  water  lost  by  evaporation,  and  the  large  partickfl 
are  redueed  to  a  fine  powder  by  rubbing  with  a  peetle  in  the  dtth. 
The  efear  solution  is  deeanted  through  a  filter  and  the  residue  is 
washed  four  times  by  deeantation,  then  transferred  to  the  filter 
and  washed  with  bot  water  until  a  few  cubic  ceutirneters  of  the 
washings  give  only  a  slight  turbidity  with  silver  nitráte.  To 
make  sure  that  the  decoinpusition  of  the  minerál  has  been  com- 
plote,  the  residue  is  treated  with  hydrochloric  acid;  it  should 
dissolve  completeiy,  leaving  no  trace  of  undecoinposed  minerál. 

Prtcipitottum  of  the  Calcium. — The  aqueous  eollltioa  is  treated 
with  ammonia  and  ainmnnium  car  bona  te,  heated  and  filtered. 
As  this  precipitate  contains  small  amounts  of  alkali,  it  is  redis- 
solved  in  hydrochloric  acid  and  the  precipitation  with  ammonia 
and  amrnonium  car!  mna  te  is  repeated.  The  combined  filtrát ůě 
are  evaporated  to  dryness  in  a  porcelain  oř  platinum  dish,  and  tím 
amrnonium  salts  are  removed  by  careful  ignition  over  a  Dsoviog 
fláme*  After  oodíng,  the  residue  is  diseolved  ín  a  little  water  and 
thelast  traces  of  calcium  are  removed  by  thenddilion  of  ammonia 
and  amrnonium  oxalate.  After  standing  twelve  hours,  the  cal- 
cium oxalate  is  filtered  Q&  and  the  filtráte  is  received  in  a  weighed 
platinum  dlah,  evaporated  to  dryness,  and  gently  ignited.  After 
BDqfing  the  mass  is  moistened  with  hydrochloric  acid  in  order  to 
transform  any  carbonate  into  chloride,  the  evaporation  and  igni- 
tion  is  repeated,  and  theweíghl  of  the  oontente  of  the  dish  is  deter- 
mined;  this  represents  the  amount  of  alkali  chloride  present.  To 
detenuine  potaasium,  the  residue  is  diseolved  in  water,  and  the 


*  Before  ignitiug.  it  »s  well  to  heat  the  contentsof  the  dish  in  a  drying-cv 
110°.    By  this  means  there  is  na  dangerof  Joasby  deciepiUtion.  — [TranslatorJ 
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potassium  m  prccipitated  as  potassium  platinic  chloride,  as  de- 
scribed  on  p.  40.     The  sodium  is  determined  by  difference. 

(b)    The  Hydroftv  l  Method-  of  Bcrzclius. 

About  0.5  gril.  of  the  minerál  is  weighed  into  a  platinum  dish, 
2  c.c,  of  water  and  0.5  r.c.  of  concentrated  sulphuric  acid  are 
added,  and  mixed  with  the  substance  by  means  of  a  platinum 
spatula;  after  oooling  about  B  e.c  of  pure,  concentrated  hydro- 
fluoric  acíd.  which  has  been  distílled  frorn  a  platinum  retort  with 
the  addition  of  a  liti  li-  potaauufla  permanganale,  are  added,* 
The  liquid  is  evaporated  on  lbe  water-bath.  frequently  stirring 
with  the  platinum  spatula,  until  no  more  hvdrofluoric  acid  is 
expelled  and  no  more  hard  particles  can  be  felt  at  the  bot  tom 
of  the  dish. 

Tlie  dish  is  heated  in  an  air-bath  until  the  greater  part  of  the 
sulphuric  acid  is  retin  ived;  this  is  necessary  to  make  sure  that 
the  hvdrofluoric  acid  is  completely  expelled,  It  is  not  advisable. 
however.  to  remove  all  of  fche  sulphuric  acid.  on  account  of  the 
danger  of  formiug  insoluble  btfiic  salta.  The  mass  is  allowed  to 
cooh  covered  with  200  c.c.  of  wai  8T,  and  digested  until  all  of  the 

tdu£  hasgnne  ititnsolutinu.t  Thesulphates  are  now  transformaci 
to  chlorides  by  preciphation  with  as  slight  an  6X0683  of  baiIUIQ 
chloride  as  pnssihle;  and  thenP  without  Btopping  to  niter  ofT  tlie 
birium  sulphate,  the  aluminium,  cah-ium.  and  M&00BB  QÍ  barium 
are  precipitated  by  the  addit&OQ  of  atnmnuia  and  ammonium 
earbonate.     The    preripitale    is    ulluwed    to    sel  tle 4    washed    four 

titnes  by  deetntation,  tib&n  tranaCerrad  (<>  the  lilter  and  waahed 
free  from  chloride.  The  filtráte  is  evaporated  to  dryness,  and  tbe 
ammonium  salts  removed  by  gen  tle  ignitiuti.  A  few  drope  of 
hydmchlorir   an  idded,  and  tfafi  magnesium   is  removed  hy 

addiiiii  barium  hydroxide  sólu  t  ion  until  slightly  alkaline,  boiling 
and  filtcring.  The  filtráte  í*>  treated  with  ammonia  and  am- 
monium earbonate.  boiled.  and  the  precipitated  barium  carboiiair 
filtered  oři.  This  filtrát-  i-  i-ain  evaporated  to  dryness.  the 
ammonium    saltsf  are    expelled,    the    resídue    is    diasolved     in    a 


♦The  prirtiíiriiíuiiM'  U>    deatroy  or^íinic    matter  that  b    líkely 

to  be  prefsent  in  roniniorci.il  hydrofluorie  ■  rit  I . 

i  If  barium  was  present,  it  is  left  baMnd  ri3  the  stiJphate 
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lit  tle  water,  and  a  lit  tle  more  barium  carbonate  is  pre- 
cipitated  by  the  additúm  of  ammonia  and  ammonium  c 
bonate.  This  treatment  is  repeated  ur.til  fmally  the  addition 
of  ammonia  and  ammonium  carbonate  pruduoes  no  further  pn- 
eipitation.  The  last  filtráte  is  evapurated  to  dryness.  gently 
ignited,  mobtened  with  hydroctalorie  wááí  sga&o  evaporatedj 
ignited  aru!  weighed;  this  represents  tlu-  weight  óf  the  alkali 
chlorides  tqgether  with  a  small  amonní  of  magnesium  chloride. 
The  chlorides  are  diasofared  in  a  little  water,  and  fche  potaasiuno 
precijiitatí^l  as  potassium  chlorplatinate  (p.  40).  If  the  i 
responding  auiount  of  potassium  chloride  is  deduoted  frnm  the 
first  weight,  the  anmunt  of  sodium  chloride  plus  the  small  amount 
of  magnesium  chloride  will  be  obtained.  In  nrder  to  determine 
tbe  latter,  the  aleoholic  filtráte  frorn  the  potassium  chlorplalinaie 
prcci  pi  ta  tc  is  evaporated  to  dryness  on  the  WSter-bath  (the  wafer 
in  the  bath  must  not  boil),  and  the-  restduc  is  diasolved  in  a  little 
water  and  washed  iuto  a  small  flask.  The  latter  is  imw  fitted 
with  a  rubber  atopper  oontaraing  fcwo  holea,  and  through  these,  two 
right-aiígled  pieces  of  glass  tubing  are  introduced,  one  reachinjí 
to  the  bot  tom  of  the  stopper  and  the  other  nutil  it  alra 
touches  the  liquid  in  the  flask.  The  solution  is  now  heated  tO 
boiling  so  that  steam  escapes  froni  both  of  tlie  tubes.  Afier  boil- 
ing  fcWO  mi  nu  tes  we  eau  assunie  that  the  air  is  completely  ex- 
peUed  faun  the  flask;  the  shoří  tube  is  oonneeted  with  a  hydrogen 
generátor  and  a  rapid  current  of  hydrogen  is  conducted  through 
the  apparatus,  while  at  the  samé  time  the  fláme  is  reinnved  íroin 
beneath  the  flask  and  the  iong  tube  is  closed  by  means  of  a  pi< 
of  rubber  tubing  containing  a  glass  rod.  The  liquid  is  alluwed 
to  eool  completely,  and  the  air-spaee  above  will  be  entirely  filleii 
with  hydrogen.  As  the  hydrogen  is  absorbed  by  the  liquid ,  the 
sodium  and  magnesium  ehlorplatinatcs  are  reduced  to  chloride 
with  the  deposit  ion  of  inetallie  platinum,  which  floats  on  the  liquid 
in  the  form  of  deiulrit 

Na3PtCl0+2H2-4HCl  +  2NaCl  +  Pt 
.M,Lďt(1r  ^Ml,^4HCl  +  MgCl3  +  Pt 


The  flask  is  placed  in  a  lukewarm  water-bath,    frequently 


ANALYSIS  OF  LEPÍDOUTE, 


399 


shaken,  and  the  hydrogen  is  allowed  to  act  upon  thesolution  until 
the  reduction  is  shown  to  be  complete  by  the  liquid  becoming  per- 
fectly  colorless.  The  connection  with  the  hydrogen  generátor 
is  ttow  broken  and  a  rapid  current  of  carbon  dioxide  is  eonduotrd 
through  the  sólu  t  ion  for  two  min  útes  through  the  longer  tube  in 
order  to  remove  the  hydrogen.  This  is  necessary,  ba  otherwise 
on  opeuing  the  flask  the  re  is  likely  to  be  an  exploskm  bel  ween  the 
hydrogen  and  oxygen,  uwing  to  the  rátaly  tiť  aotion  of  the  plat i- 
num.  The  platiinim  is  filtered  ofT,  the  filtráte  cnncentrated,  and 
the  magnesium  predpitated  by  the  addition  uf  aminonia  and 
sodiuin  phosphate.  After  stamliug  twelvc  boiUB,  the  magnesium 
amnionium  phosphate  is  filtered  ofT  and  the  magnesium  *h 
mined  as  magnesium  pyrophosphate.  The  eorresponding  weight 
oř  Mgťl,  is  deducted  frorn  the  weight  of  NaCl+MgCl2,  and  in  this 
way  the  amouiit  of  NaCl  is  determiiicd. 

Remark. — This  method  is  in  very  generál  use,  and  the  results 
obtained  agree  dosely  with  lhosc  by  the  J.  Lawrence  Sniith  method. 
Alany  sílicates,  such  as  the  feldspnra,  are  readily  decnmpnsed  by 
the  action  of  sulphuric  and  hydrofluorie  acids;  others.  such  as 
(MTtain  speeimeus  of  tou nna line ,  ordy  with  difficulty.  According 
to  Jannaseh  the  members  of  the  andalusite  group  are  not  com- 
pletely  decom poseti  by  hydrofluoric  acid,  but  this  ean  be  effected 
by  strongly  igniting  with  ammonium  fluoride.  For  this  purpOOO 
the  ignited  minerál  is  placetl  in  a  platiuuin  (Hati,  covered  with 
10  c.c.  of  anunonia,  evaporated  to  dryness,  diluted  with  water, 
strongly  aridified  witli  QOaeentlBfred  hydroditoric  acid,  and  again 
evaporated  to  diyness,  The  dish  is  plaeed  in  a  nickel  beaker  and 
ignited  quite  strongly,  until  finally  the  excese  of  ammonium  fluoride 
is  driven  off.  The  residue  is  ihhv  treated  with  sulphuric  acid  (1:2) 
in  order  to  deeompOM  salts  of  hydroflunsilicic  acid,  evaporated 
on  the  water-bath  as  far  as  possible,  and  then  the  greater  part  of 
the  sulphuric  acid  is  rcmoved.  Frnrn  this  point  the  proceduře 
is  the  samé  as  in  the  regidar  Berzeluis  method. 

The  Smith  method  is  always  applicable  and  has  the  advan- 
tage  that  the  magnesium  is  practically  completely  removed  ut 
the  start. 
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Analysis  of  Lepidolite. 

Lepidolite  is  a  member  of  the  mica  group  and  contains  lithium 
and  íluorirte  with  the  foilowing  eoniposition; 

SiO2-40to54perct.;  AlaOs=19to38perct.;  MnG  =  0to5perct.; 
UgO  =  0  to  0.5  per  ct* ;  K/) =4  to  11  per  ct. ;  Lip  =  1  to  6  per  ct. ; 
N%O  =  0  to  2  per  ct,;    F=l  to  10  per  ct.;    H30  =  1  to  3  per  ct. 

Besides  the  above,  calcinni,  iron,  phosphoric  acid,  and  chlorine 
are  frequently  found,  and  in  rare  cases  sniall  amounts  of  eiusium 
and  rubidium  are  prezent* 

The  determination  of  the  silicic  acid,  aluminium,  iron,  man- 
ga nese,  and  magnesium  Is  effected  as  in  the  oase  of  the  orthoclase 
analysis,  except  that  in  this  čase  the  manga  ftefce  must  be  separated 
from  the  iron  and  aluminium  as  described  on  p.  121  or  123, 

Ikhnrmufium  uf  tlu  AlMies— The  weight  of  NaCl+KCl+LiCl 
is  detennine<l  by  one  of  the  methods  given  under  the  analysis  of 
Mííhoelasc,  and  the  potassium  weighed  as  potassium  rhlorplatinale. 
Tin1  platinum  is  then  removed  by  the  treatment  with  hydrngen, 
or  the  solution  isheated  t<>  boilsng  Bod  tlu*  platinum  is  precipitatod 
as  the  sulphide  by  the  intmduetion  of  hydrogen  sulphide.  The 
filtráte  free  f  mm  platinum  is  evaporated  to  dryness  and  the  lithium 
separated  from  the  sudium  as  described  on  p.  49  or  p.  5L 

Determination  oj  Fluoritu-. — This  determination  is  the  sarne  as 
in  the  čase  of  analysis  of  fluorine  in  calrium  fluoride  (p.  372), 
except  that  it  is  unnecessary  to  add  any  silica,  for  the  minerál 
i  i. -elf  already  contains  a  sufficient  quantity. 

Determination  of  Water. — This  is  effected  by  the  niethod  of 
Rose-Jannasch  (p>  382). 

Determination  of  Ferrous  Iron  in  Silicates  and  Rocks. 

Tlie  verv  finely  powdered,  but  not  bolted,  minerál  contained 
in  a  platinum  dish  is  covered  witíl  S  to  10  c.c.  of  dilute  sulphuric 
acid  (1:4)  and  plared  upon  the  little  triangle  (o)  Fig.  65,  made  <>f 
glass  oř,  better,  platinum.  This  is  plared  in  the  lead  vessel  C  and 
the  latterrestfl  in  i  paraffinebath  (B).   Afterthecoverisplacedupon 
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C,  a  rapid  cuirent  of  carbon  dioxide  is  passed  tfarougfa  -i,  whereby 
the  air  within  the  apparatus  will  be  replaml  in  about  three  minu 
The  coverisquickly  reiiim-edřnnd  Sto  LOccof  cottceotrated  bydro- 
fiuoric  irid  are  added.   The  cover  is  immediately  replaoed,  and  thc 

cnrrent  of  carhnn  dioxide  continued,.  while  the  contenta  ol  tlie  dish 
are  repeatedlv  stirred  during  the  whole  opera  ti  on  by  means  oř  a 
platinum  spatida  oř  pícce  of coarae  wire  introdueed  through  the  other 
hule  in  the  COV6T,*  At  the  saine  tittie  the  parafline  bath  is  heutťd 
to  100°  C.  and  kept  at  this  teinperuture  for  about  ati  houn     As 


Fig.  65. 


booh  as  no  more  gritty  partirles  are  to  be  felt,  the  temperature  of 
the  bath  is  raided  to  about  120°  C.  is  order  to  ranové  the  large 
excess  of  hydrofluorie  aeid.  Thk  requires  about  another  houn 
The  dish  is  then  allo Wed  to  n»nl  i  11  the  Cftfbaa  dioxide  atniosphere 
and  íts  contents  are  finally  washed  into  400  r.c.  of  cold  distilled 
water,  10  c.v.  <»f  roneentrated  sulphurie  aeid  are  added,  and 
the  M>lution  is  titrated  with  a  potassiuni  permangftnftte  solution 
of  known  atrength  until  a  pink  color  is  ohtained  which  is 
pennanent  for  severní  Becoods.  This  end-point  is  fugitive  in 
propertioit  to  the  amoimt  of  hydrofluorie  aeid  rernaining  in  the 
BOlutioiL 

Rťtimrk. — The  above  inethod  has  been  ušed  in  the  ttlthoťfl 
l&boratory  with  suooesB  for  several  years.  It  ís  a  modifieatioo 
of  Cooke*at  method  in  which  the  deeompoeitioii  with  hydrofluorte 


*  In  ftg  05,  this  s»*cond  opening  I  tly  shown, 

bm  in  thr  middle  of  the  cover 

f  J.  P.  Cooke,  Am,  '  [2],  XLIV,  p.  347  (1867). 


It  should  rcally 
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acid  took  pláce  under  a  glass  funnel  upon  the  water-bath.  In 
this  čase  a  taige  :unount  of  bydrofluorie  aoid  remains  in  solution 
aad  it  ia  difficult  to  obtain  a  sharp  end-poiiit. 

Aaotber  method  for  the  detennination  of  the  amount  of  ferrous 
iron  preeenj  in  insoluble  BÍlkatos  m  fchat  cá  Mitscherlich.  The 
silicate  is  deoomposed  in  g  dosed  tube  with  sulphuric  acid 
(8  IÍ..S*  >(:  1  HtO)  under  pressurc.  and  the  resiilting  solution  titrated 
with  potaosium  pemianganate.  This  met  hod  usuaily  pvea  good 
resulte  in  the  čase  of  a  silicate  analysis,  buf  it  is  worthlcss  for  the 
aiuih^is  of  rookfl  eontainmir  pyrite  oř  other  sulphides,  which  on 
treatrrieut  with  sulphuric  acid  are  deeotnpnsed  with  evolution  of 
B0ť*  Tíie  latter  lervcs  t<>  reduce  iron  that  was  <iríginally  present 
in  the  ferric  forin,  so  that  a  too  high  result  will  be  obtained. 

Determination  of  Small  Amounts  of  Titanium  in  Rocks. 

The  colorimetrio  meť  hod  of  A.  Wcllcr  is  be§1  suitcd  for  this 
purpose,  'ud  is  to  be  preferred  over  all  gravimetric  methods. 

Proceduře. — The  silicic  acid  is  renioved  exactly  as  in  the  analysis 
of  orthodase  (p.  380)  and  in  the  filtráte  the  iroo,  aluminium, 
tttaxuum,  rifBfiniura  (chromium  and  vanadium)  are  separated 
řroin  the  nmnganese,  magnesium,  and  calcium,  by  the  acetate 
met  hod.  The  precipitate  thus  obtained  still  eontains  traces  of 
manganese,  so  that   i  i  olved  in  dilute  hydrochloric  acid  and 

reprecipitated  by  ammonia,  The  precipitate  is  ignited  in  the 
sainr  crucible  iti  wiuch  the  residue  froin  the  impure  siliea  is  ood- 
tained  (smail  amounts  of  titaniiim  are  likely  to  be  in  this  residue) 
fused  with  potas8Íura  pyrosuiphate,  and  the  melt  diasolved  in  water 
containing  fiulphuríc  acid.  Anv  insoluble  silicic  aeid  is  filtercd  off 
and  the  titanium  determined  in  the  filtráte  ás  deseribed  on  p.  88 
by   treatment   with  hydrogen  peroxide. 

ttemork.—ln  rock  analysu  it  is  convenient  to  determine  the 
titanium  after  the  deterniination  of  the  total  iron.  For  this 
purpoee  the  solution  of  the  potassium  pyroeulphate  melt  is  satu- 
rated  with  hydrogen  sulphide  in  order  to  precipitate  the  platinum 

*  L.  L.  de  Konínck,  Ziii,  ínr  anorg.  Chem.f  2I>  (1901),  125,  and   Bflfo- 
..'  ;u„l  Btotot,  J,  Am.  i.lmn.  Soc.,  XXII  (1900),  p.  625.     Ser  afeo  Stt.krs, 
\m.  ,\    ScÍ.r  lhc.f  1901, 
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and  reduce  the  bon,  and  the  filtráte  from  the  platinum  sulphide 
is  titrated  with  potassium  permanganate  af  ter  expelling  the  excess 
of  hydrogen  sulphide,  as  described  on  p.  95,  The  solution  is 
afterwards  concentrated  to  about  80  c.c,  and  the  titáni  um  de- 
tennined  as  above. 

Of  thegravimetric  methods,  that  of  Goooh  is  best  suited  {p.  102), 
but  even  this  fails  in  the  presence  of  zirconium  (Hillebrand),  so 
that  it  is  xn  all  cases  better  to  oni  pln  v  the  colorimetric  metbod. 

If  it  is  desired  to  analýze  a  rock  for  titanium  alone,  about  one 
gram  should  be  treated  with  hydronuuric  and  sulphuric  acids 
(flee  p.  397),  the  greater  part  of  the  sulphuric  acid  removed  by 
volatilizationt  in  order  to  niake  sure  t.hai.  the  hydromiorie  acid 
is  expelled,  and  the  residue  taken  up  in  water.  From  this  solu- 
tion the  titanium  is  determined  as  above, 

Determínation  of  Zirconium  and  Sulphur  in  Rocks. 
W.  F.  HHlebrand.* 

About  2  gms,  of  the  substance  are  fused  with  5  oř  6  times  as 
much  sodium  earbnnatc  (free  from  sulphur)  and  0.5  gni.  potassium 
nitráte  in  a  large  platinum  crucible.  The  crucible  should  be 
plaoed  through  a  hole  in  a  piece  of  asbestos  and  hold  in  an  in- 
clíned  position  so  that  noiie  of  the  sulphur  from  the  fláme  can 
co:ne  in  cmítact  with  the  fO[it«-nts  of  the  crucible.  The  melt  is 
taken  up  in  water,  a  Um  dropi  of  aleohol  are  added  in  order  to 
reduce  anv  manganate  to  manganous  salt,  the  solution  is  filtered, 
and  the  preeipitate  washed  with  dilute  soda  solution,  The  filtráte 
contains  alt  the  sulphur  in  the  presence  of  sudímu  silicate,!  while 
the  residue  contains  all  the  barium  and  zirconium  together  with 
the  remaining  oxides  which  were  present  in  the  rock, 

{a)  Treatment  of  thť  Filtráte. 

This  should  amount  to  IQO-SfiO  0*6<  in  volume;  it  is  acidified 
with  hvdmchloric  acid,  hcated  t<>  boDittg,  and  precipitated  with 
hot  barium  chloride  solution.  Aíter  standing  twelve  hours  the 
barium  sulphate  ís  filtered  orT  and  weighed, 


-  iviilletin  of  the  U,  S.  Geolog.  Survcy  (líKKn,  p.  73, 

+  Preidcs  sulphuric   and   silícic  m  í-l>   \hv   hlinité   may  contain   chromic 
(yetlow  cofor),  viiriíidie,  molybdir,  plx^phoric,  arseníc,  and  tungstic  acidá. 
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According  to  Hillebrand  it  is  not  necessary  to  evaporate  the 
solution  to  remove  the  silicic  acid  before  precipitating  the  sul- 
phuric  acid,  for  froru  a  dilute  solution  silicic  acid  is  nevěr  precipi- 
tated  with  the  barium  sulphate. 

(b)    TrvtihnviU  oj  the  Rfsirfur. 

The  residue  is  washed  by  ineans  oř  a  streani  of  dilute  sulphuric 
acid  (1:20)  into  an  evuporating-dish.  and,  after  digesting  for  some 
tinie,  it  is  filtered  through  the  originál  niter.  The  filtráte  con- 
tains aluminium,  iron,  and  the  greater  part  of  the  zirconium. 
The  PBBÍduc  contains  the  rest  of  the  zirconium  together  with  barium 
sulphate  and  some  silicic  acid;  aftcr  being  washerl,  it  is  ignited 
in  a  platinum  crucible  and  freed  from  silica  by  evaporatiou  with 
sulphuric  and  hydrofluoric  acids.  The  residue  in  the  crucible 
is  then  taken  up  in  hot  dilute  sulphuric  acid  and  filtered.  The 
insoluble  portům  can  be  ušed  for  the  detercnination  of  barium 
(see  below). 

The  two  sulphuric  acid  filtrates,  containing  at  the  most  only 
1  |>er  cent.  of  this  acid,  are  treated  with  hydrogen  peroxide 
and  a  few  drops  of  disodmm  phosphate.  Aluminium  and  iron 
are  not  precipi  tated  OD  ftoeount  of  the  acid  prcsent,  and  ordy 
traces  of  titanium  are  thrown  down,  while  all  of  the  zirconium 
is  preeipitated  as  pfaoephate,  aftcr  standing  24  to  48  hours. 

If  the  yellow  color  of  the  solution  shoukl  fade  away,  a  little 
more  hydrogen  peroxide  is  added;  the  precipi  tate  is  filtered  off, 
and,  evcn  when  it  is  small  in  amonní,  it  is  purihed  from  the  titanium 
as  follows:  The  filter,  together  with  the  precipitate,  is  ignited, 
i  usni  with  a  little  sodium  carbonate,  the  melt  extracted  with 
water  ancl  filtered.  This  residue  is  likewise  ignited,  but  H  is  n«»w 
fused  with  pťilassinrn  pyrosulphate*  and  the  fusion  dissolved  b  bot 
water  containing  a  few  drops  of  dilute  sulphuric  acid.  The  solution 
is  poured  into  a  small  Erlentneyer  nask  of  aboot  20  c.c  capacit  v 
few  drops  of  4  per  cent.  hydrogen  peroxide  and  a  few  drops  of  sodi- 
um phosphate  solution  are  added,  and  after  standing  1  oř  2  days  the 
precipitate  is  filtered  off.  Thelatter  is  now  free  from  titanium  in 
nearly  every  eiae,  and  after  ignition  it  is  weighed  as  zirconium  phos- 
phate. Although  zirconium  phosphate  t heoretically  contains  51.8 
per  cent,  ZrOr  there  wUl  be  no  appreciable  error  introduced  if  it  is 
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assumed  that  nne-half  the  weight  of  the  preeipitate  represents  the 
ainouiit  of  this  oxide  proseni. 

DetermLnatioii  of  Barium. 

The  above-inentioned  preeipitate  containing  all  the  barium  as 
sulphate,  in  the  presence  of  calcium  and  perhaps  stronťmm,  ahvays 
contains  a  lit  tle  siiicic  acid.  In  order  to  ranové  the  latter,  it  is 
heated  with  hydrofluorie  and  siilphuric  aeids  and  the  residue  is 
fused  with  síidium  carbonate,  The  melt  is  treated  with  water  and 
the  carbooatee  <»f  barium  and  calcium  are  filtered  ofT,  washedt  and 
then  dissolved  in  hot  dilute  hydrochloric  acid.  From  this  sol  ut  ion 
the  barium  is  precipitated  by  lbe  addition  of  a  slight  exoesa  of 
sulphuric  acid  and  tgnited  wet  m  a  platinuni  crucible.  Th<^  pre- 
eipitate thus  obtained  contains  a  small  amount  of  calciuni  aiilphate, 
wliich  must  be  eliminated.  For  this  purpose  the  residue  Ifl  dÍB- 
solved  in  the  crucible  by  hot  eonccntrated  sulphuric  acid,  and  after 
cooiing  the  solution  is  poured  into  water.  In  this  way  a  preeipitate 
of  barium  sulphate  free  from  calcium  is  obtained.  It  is  ignit*-d 
and  weighed. 

Separation  of  Soluble  from  Insoluble  Siiicic  Acid:  Luoge  and 

MiUberg.* 

Freqticntíy  a  mixture  of  silicates  is  to  be  analvzed  which  is 
partlv  decomposed  on  treatment  with  aeids.  with  the  separation 
of  gelatinous  siiicic  acid,  and  partlv  imarTeetcd.  The  silnic  acid 
deposited  from  solution  by  the  addition  of  aeids  is  soluble  in  5 
per  cent.  sodinm  earbonate  BOlutkm,  while  rjuartz  and  fvld-par 
are  not  appreeiably  attarked  by  the  latter  (tf.  Voi  I   pp.  356,  357). 

If  it  ifl  dcsirnl  to  separate  the  deposited  siiicic  acid  from  the 
unattaehed  silirate  (usually  feldspar  and  quartz),  the  substance  is 
treated  with  acid  (hydrochloric  m-  oitric)  and  evaporated  on  the 
water-bath  until  a  drv  powder  is  obtained.  This  is  moistened  with 
acid,  diluted,  boiled,  and  nltered,  After  washing,  the  residue  is 
dígested  with  5  per  cent.  sodium  carbonate  sólu t ion  on  the 
water-bath,  in  a  porcelain  dish  for  fiftecn  minu  tes.  It  is  then 
filtered,  washed   fi  rst  with  soda   solution  and  finál ly  with  water. 
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li  a  turbid  filtráte  shouid  be  obtained.  a  little  alcohol  is  added  to 
Ihfi  wash  water,  after  which  the  filtráte  will  at  once  run  through 
clear. 

The  alkaline  filtráte  cmítains  the  soluble  silicic  acid:  this  Dftfi 
be  determioed  Iq   Ekeídifyiog  and  avaporating  to  dxyneaa,    The 

residue  from  the  sodium  carbonate  treatinent,  roiMfJatiflg  of  quartz 
and  feldspar,  is  weighed.  In  order  to  dgfegrmJM  the  quartz,  tbe 
mixturc  ís  acted  upon  by  sulphuric  and  hydrnfluoric  acids,  the 
excessof  the  latter  i>  nedoved  by  heatiaií  ivith  sulphuric  acid,  and 
the  eold  residue  is  dissolved  in  water,  preripitated  with  ammonia, 
and  the  aluniina  weighed.  If  this  weíght  is  multiplied  by  6.41, 
the  BOrreerpooding  amount  of  feldspar  is  obtained,  and  if  this  is 
dedueted  faun  the  weight  of  the  quartz-f  feldspar,  the  weight  of 
the  quartz  will  be  found. 

Determination  of  Soluble  Silicic  Acid  in  Clay, 

Clay  tM>!it;iin>  besides  alumina,  Band  (quartz-f  breccia)  and 
small  ainounts  i*f  caleium  and  magnesium  carbonates. 

Ahuut  2  gmcof  the  substance,  after  having  beeit  dried  at  120°, 
and  beíng  in  the  formel  a  riol-too-fiiic  powder, are  nmistened  with 
water,  and  a  mixture  <»f  100  cc.  vater  and  50  c.t\  concentrated  sul- 
phuric acid  *  is  added,  The  porcelain  dish  tg  cuvered  with  a  watch- 
glass  and  heated  over  a  free  fláme  until  dense  furnes  of  sulphuric 
acid  vapors  are  cvnlved.  The  contents  of  the  dish  are  allowed 
to  cool,  150  c*C.  of  water  and  3  C.6.  of  concentrated  hydrochkric 

I  are  added,  the  soJution  boiled  fnr  fífteen   minutes,  íillcred, 
ted  completely ,  and  the  mixtureof  suluble  silicic  acid,  quartz, 
and  iusoluble  silicate  is  treated  ai  aboi 

— U  w;is  formerly  the  cuatom  to  separate  the  soluble 
silica  from  theinsoluble  nika  by  boiling  with  potassium  hydroxide 

ition,  According  to  the  experimente  of  Lunge  and  Millberg, 
however,  this  is  aot   pensissible  because  q  bibly 

s  »liil>le  in  caustic  potaeh  BOlution.    If ,  on  the  other  hand, 

-tance   is  obtained    in  a  verv  finely-divided  condition,  c 
dodium  carbonate  solution  camiot  be  ušed  for  the  samé  reason. 


*  Alexander  Subech,  Die  ehem.  Industrie  1902,  p.  17* 
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Analysis  of  Chromíte. 

Althntigh  ohromíte  ohromě  iron  ore)  m  not  a  silirate,  it  ifl 
inflohlble  in  all  ftCtdfe,  and  c:ui  be  brought  inl.n  solutinn  hy  fusion 
witli  alkali  ťarbonatcs,  M  bon  that  its  analysis  will  be  dis- 

QOflBad  at  tliis  pláce. 

Chromíte  cuntains  is  to  39  pot  cefct,  I  v<  r  n  t<>  is  per  rout .  M^  », 
i_'  ir.  u  percent  Crfi*  Oto  LSperoeat.  AU  >lf  and  o  t<>  11  percent. 
Bil  ).,.     Cah iutn,  rnanganese*  and  iiiekel  are  also  OMunanally  pngeut, 

Of  the  finely-powdered  and  bolted  minerál,  0.6  gm.  is  fuse. í 
ta  au  inelined.  opeří  platinum  enioible  with  4  gms.  of  pure  sodium 
carbonate *  faf  two  hours  over  n  good  Teclu  buroer.  After  eool- 
ing,  the  melt  fa  leaehed  with  water,  acidiíied  with  hydroehlorie 
acid.t  evaporatet!  in  a  porcelain  dish  until  a  drv  powderis  obtained, 
moistened  with  hydmchlurir  acid,  taken  tip  in  water,  and  the 
silira  (i li < 'iv d  ofT.  The  latter  is  ignitod,  wmgkaAt  and  its  purity 
teste*.  1  with  hydrofluoric  aeid  (p.  885).  The  filtráte  írom  the 
silirte  arid  is  preeipitated  hot  with  hydrogen  sulphide  and  tht* 
pivripilale  of  platinum  sulphide.  and  sulphur  ifl  filtered  ofT  It 
i>  ihen  plftQtd  in  an  Erlenmeyer  flask,  10  o.e.  of  arnmomum 
chloride,  eBOUgh  ammonia  ífroo  froin  carbonate)  to  niake  the 
solní  ioB  alkalinc,  and  a  lit  tle  freshly-preparcd  ammonium  sul- 
phide  are  added,  after  whieh  the  flask  is  eorked  up  and  allowinl 
to  stand  over  night,  In  the  niorning  ťhe  preoipitate  ís  filtered 
off,  washed  twire  with  water  cniitainíng  a  little  ammonium  sul- 
phide, theu  dissolved  in  hydroehlorie  arid,  and  the  PTecipitftttnil 
by  means  of  amuiunium  sulphide  Ís  repealcd.  The  ammntiiuni 
sahs  are  removcd  from  the  filtráte  and  the  calcium  and  magnesium 
determuied  as  dcscribed  on  p.  71, 

The  aninioniiun  snlphide  preeipitate  is  dissolved  in  dilute 
hydroehlorie  acid,  anv  residue  of  nickel  or  cobalt  sulphide  is  fil- 

*  Riinsen  fused  1 1n*  rlirumite  w\\h  úll&  Hurd  as  much  Si  O,  and  fi  to  v 
pwrts  HnfiOi  and  thcn  mbtntcted  Um  BBHNmt  «f  éftc*   nddid  frum  tha 

lobú  amount  fotiud.     Thia  DUkflB  the  díconiposilion  také  plaee  rnore  n 
ilv,  l»ut  tlie  auttmr  prcfťre  not  tu  add  the sílka  on  aecountof  the  nossibility 
of  therol)y  ititroduian^  an  error. 

t  If  a  dark  re^ittue  of  umlecomposed  minerál  should  rcrnaín,  it  b  filtered 
off  and  agaia  fused  ^nth  sodinm  carbonate* 
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tered  off  and  dried,    This  residue  is  then  ignited  first  in  airt 

then  in  a  current  of  hydrogen,  and  finaily  weighed  as  metal  It 
is  not  worth  while  to  attempt  the  separation  of  the  nickel  from 
the  cobalt  on  aceount  of  the  small  amount  present.  The  filtráte 
from  the  sulphides  of  nickel  and  cobalt  is  freed  froni  hydrogen 
sulphide  by  boiiíng,  the  iron  present  is  oxidized  by  evaporating 
with  potassium  chlorate  and  hydrochloric  aeid,  and  the  iron, 
chromium,  and  aluminium  are  separated  from  the  manganese  by 
monufl  of  the  barium  carbonate  method  (p.  121)  and  from  one 
another  as  described  on  p.  94  et  seq.  In  the  filtráte  from  the 
barium  carbonate  precipitate,  the  manganese  is  separated  from 
the  barium  as  described  on  p.  106,  6,  and  determined  as  sulphide 
or  as  sulphate. 

Remark. — If  it  is  desired  to  determine  the  chromium  alone, 
this  is  best  accomplished  by  nieans  of  a  volu  met  ric  process  (see 
Part  II). 

Determiaation  of  Thorium  in  Monazite,  according  to  E.  Beiiz** 

Monazite  is  a  phosphate  of  the  rare  earths  [P04(Ce,LapDiřTh)J. 
It  occurs  in  so-called  u monazite  sand"  mixed  with  quartz,  rutile, 
zircon,  tantalates,  etc,  and  is  at  present  the  raw  materiál  ušed  for 
the  preparation  of  thorium  (ušed  in  the  Welsbach  mantle).  The 
vaiue  of  a  sample  of  monazite  sand  depends  upon  the  amount  of 
thorium  present,  and  its  determination  is  best  effected  as  íollows: 

Of  the  bolted  monazite  sand,  0.5  gm,  is  intimately  mixed  with 
10  gms.  of  potassium  pyrosulphate  in  a  spacious  platinum  cruci- 
ble;  the  latťer  is  covered  and  slowly  hcatcd  until  its  contents  are 
at  a  gentle  fusion.  This  is  best  accomplished  by  placing  the 
platinum  crucible  within  a  larger  porcelain  one  which  is  provided 
with  an  asbestos  ring.     After  no  mm  giTOQ  ntT,  the  cruci- 

ble is  gently  ignited  over  the  free  fláme,  and,  after  cooling,  its 
contents  are  treated  with  water  and  a  little  hydrochloric  acid 
until  it  iá  completely  disintcKrated.  After  aUowing  the  residue 
to  setrle,  it  is  filtered,  treated  with  a  littlo  eoncentrated  hydro- 
chloric aciiltrlilmiMl  with  water,  and  again  filtcred.f     In  the  com- 

*  Zeit.  f\  angew  Chem.  15  (1903),  p.  297 

tTMs  ra>idue  is  free  from  thorium,  aud  consista  chiefly  of  eí  lícíc  and 
t&ntalic  arids. 
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bined  fHtrates  the  hydrochloric  acid  is  nearly  neutralized  with 
ammonia  (the  formation  of  a  permanent  preeipitate  is  to  be 
avoíded,  for  ít  will  be  difficult  to  redissolve  if)p  tím  solution  is 
heated  to  boiling,  and  3  to  5  grns.  of  solid  ammonium  oxalate  are 
added  while  the  liqnid  is  vi^nmiisly  stinvd.  The  oxalates  of 
the  rare  earths  are  im  media  těly  deposit  al  in  the  form  of  a  co:<' 
powdef.  To  make  sure  that  the  precipitation  is  coni  plete,  a  lít  tle 
ammonium  oxalate  solution  is  added.  After  standing  twelve 
hours  the  precipitated  oxalates  are  filtered  ofT,  washed  once  by 
DUaO0  of  water  acidificd  with  nitrie  acid,  thca  transferred  to  a 
pomrhrin  dish,  and  f  he  last  porťmns  of  the  preeipitate  are  eventually 
washed  froin  the  filtcr  by  repeated  additions  of  bot,  concenírated 
nitrie  acid  and  water;  the  liquid  is  evaporated  almost  to  dryness. 
Ten  cubic  centimeters  of  popceotrated  nitrie  acid  (sp.  gr.  i  A)  and  20 
e.c.  of  fuming  nitrie  acid  are  then  added,  the  dish  covered  with  a 
watch-glass  and  heated  on  the  water-bath.  After  a  short  Ume 
the  nitrie  acid  begins  to  decompose  the  oxalic  acid,  shown  by 
the  lively  evolution  of  gas,  After  no  more  gas  is  given  ofT,  the 
watch-glass  and  sides  of  the  dish  are  washed  down  and  lh<> 
solution  evaporated  to  dryness.  In  order  to  remove  the  Ěree 
nitrie  acid,  a  little  water  is  added  and  the  solution  evaporated 
once  more;  after  t b is  the  filter  fibres  present  are  removed  by 
filtratíon.  It  is  now  necessary  to  separate  the  thorium  froin 
the  remaining  earths.  This  is  effected  by  precipitating  the  former 
with  hydrogen  peroxide  as  thorium  peroxide.  On  ignition  the 
latter  is  changed  mto  Th03,  in  which  form  it  is  weighed. 

The  precipitation  with  hydrogen  peroxide  takés  pláce  as 
follows:  The  neutral  solution  of  the  nitrates  is  diluted  with  10 
per  cent.  ammonium  nitráte  solution  to  a  volume  of  100  e.e„ 
heated  to  60-80°  C.,  and  precipitated  by  the  addition  of  20  c.c. 
of  pure  3  per  cent.  hydrogen  peroxide  solution.  The  precipitate, 
which  is  colored  yellow  by  traces  of  cerium  peroxide  (at  the  most 
T%  mg.  of  the  latter  is  present),  is  inimcdiately  filtered,  washed 
with  hot  water  ocffltahiiTig  ammonium  nitráte,  ignited  wet  in  a 
platimim  crucible,  and  weighed  as  ThO:. 

If  it  is  desiml  to  obtain  an  absolutely  pure  thorium  oxide, 
the  inoist  precipitate  is  dissolved  in  nitrie  acid  and  the  above 
precipitation  with  hydrogen  peroxide  is  repeated,     By  this  method 
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K.  Bezui  obtaíaed  in  the  anulysis  of  a  South  Americm  monazite 
sand  the  folio wingitesults:  4.7l\  L58j  1.50  per  cent.  Tlu>.. 

Remorfe.— The  sbore  prooeee  for  the  detemiination  of  thorium 
in  monazite  ífl  quicker  and  m&fe  aceosate  khan  either  that  of 
Glaaer*  oř  that  of  flinta  and  \\VI>er\t  so  that  it  h  tu  U 
meodad  for  botfa  bechnieal  and  Bcientifia  purposes. 

The  determinativu  of  thorium  oxide  in  thorite  is  carried  out 
in  ifi  samé  way  with  the  differenoe  that  mstead  of  fusing  the 
minerál  witli  BOdhlItt  fluoride  and  potassiuni  pyrosulphate,  it  is 
deeompoeed  by  treatment  with  hydrochloric  acid,  and  the  siliea 
removed  as  usual.  The  filtráte  frum  the  sílica  is  analyzed 
as  above.J 

Determination  of  Water  in  Šili  ca  tes, 

If  the  minerál  on  ignition  loses  nothing  but  water,  the  aniount 
of  the  latter  can  be  determined  b)ř  the  loss  in  weight.  In  the 
.great  majority  of  cases,  however,  other  constituents  (e.g,  O 
Cl.  F,  etc.)  are  kat  and  the  substance  may  undergo  an  oxidation 
(Irt)  is  changed  to  FejOa.  PbS  to  PbS04.  etc).  In  such  cases 
the  proceduře  reeommended  by  Jannasch  can  Ije  ušed  to  advan- 
tage.  The  substance  is  heated  with  lead  oxide,  the  water  VapOT 
conducted  over  a  heaied  mixturc  of  lead  oxide  and  lead  peroxide 
and  absorbed  in  a  weighed  cakium  chloride  tube  (see  p.  383). 

If  the  substance  OH  igoitlOQ  loeefl  simply  water  and  carbon 
dioxide  the  former  may  be  acrmaOlv  determined  by  the  met  hod 
of  Brush  and  Penfield.§  The  substance  is  introduced  by  nieans 
nf  a  long  f  um  tel  uito  a  bulb  blown  on  the  end  of  a  narrow  tube  made 
of  iliííiculílv-fusililc  ídass,  and  the  tube  is  provided  with  a  second 
bulb  about  2  or  3  cm.  from  the  end  one.  The  open  end  of  the 
tube  is  connected  by  means  of  a  short  piece  of  rubber  tubing  with 

i  .cm.  zt?.  i*90.  p.  Civí. 

t  Zeítachr.  furaiial  Chemie  Í18ÍI7),  XXXVI.  p,  27. 

J  As  mwnhwra  ol  the  hydrogen  sulphide  group  are  usually  present,  it  h 
advisjíble  to  fir*t  remove  them  and  to  effect  the  preeipitation  of  the  rare 
enrth*  With  amDKmiam  fflfalatl  řtOBl  the  slightiy  acid  filtráte  from  the  hydro* 
gen  sulphide  piv 

jAmer.  Journ.  8ci  [3],  XLVIII  (18W),  p  81,  and  Zeit  fůr  anorg. 
Chem,  VII  (1894),  ; 
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a  short  tube  drawn  out  into  a  capillary,  and  the  substance  is  heated 
in  the  fláme  of  a  good  Tedu  burner.  The  water  is  expelied  and 
eoodeDJBea  in  the  eolder  pnrtion  of  the  tube,  and  as  a  precaution, 
the  latter  is  enveloped  in  moist  blotting-paper.  As  BCX  KQ  Bfl  DO  fltt  ffie 
water  can  be  expelied,  the  end  of  the  tube  is  heated  until  it  softens 
md  the  tube  is  drawn  out  bctween  the  two  bulbs.  The  front  end 
of  the  tube  now  contains  the  water  in  the  presence  of  a  lit  tle  G&fbOB 
dioadde,  and  the  latter  must  be  removed.  For  this  purpose  the 
tube  is  inelined  at  an  angle  of  40° t  so  that  the  heavier  earbon  dioxidc 
will  run  out  of  it,  The  wcight  of  the  tube  slowly  diminishes, 
but  at  the  end  of  about  three  hours  it  becomes  constant,  losing 
iihnut  0.0003  gm,  per  hour,  due  to  the  evaporation  of  water,  If, 
therefore.  the  tube  is  allowed  to  stand  thiee  hours  before  W€ÍgbÍ&gf 
0.0009  gni.  must  be  aclded  to  the  weight  of  the  water,  If  the 
substance  contained  a  large  amount  of  earbonate.  the  ňffftiiping 
earbon  dioxide  will  carry  aqneous  vapor  with  it,  so  that  a  further 
correction  must  be  matle.  One  gram  of  00,  at  an  average  baro- 
metric  pressure  (760  mm.)  and  temperature  (2CF  C.)  will  6IUK9 
a  loss  of  0.0096  gm.  water  vapor.  If  the  amount  of  earbon  diosidt 
present  is  knownf  it  is,  therefore,  only  necessary  to  mul  tiply  itfl 
weight  by  0.0096  to  obtain  the  amount  of  water  that  woukl  other- 
wise  escape  the  determination* 


PART  II. 
VOLUMETRIC  ANALYSIS. 


A  gbavtmetric  analysis  is  accomplished  by  adding  to  the  solu- 
tion  of  the  substance  to  be  analyzed  a  reagent  of  only  approxi- 
mately-known  strength,  separating  one  of  the  productsof  then 
tion  from  the  solution  and  weighing  it.  On  the  other  hand,  a 
vulumetric  analysis  is  made  by  eausing  the  reaction  to  také 
pláce  by  rneans  of  a  nieasured  amount  of  a  solution  of  accuratcly- 
knmvn  střeních  an-.l  eornputiug  the  amount  of  substance  present 
by  the  volume  of  the  solution  which  reaets  with  it  (cf.  p.  2). 
For  the  latler  sort  of  analysis  accurately-calibrated  measuring 
instrumenta  are  necessary.  as  vvill  be  briefly  described. 

Measuring  Instruments. 

1.  Burettes  are  tubes  of  uniform  bore  throughout  the  whole  length ; 
they  aredivided  intoeubic  cen  time  tors  and  are  dosedat  the  bottom, 
as  shown  in  Flg-  66  by  metne  of  a  glass  stop-eock  oř  with  a  pieee 
of  rubber  tubing  containing  a  gteee  bead  ht  The  latter  founím 
devised  by  Bunseii  and  is  ušed  as  folbws:  The  tubing  is  seized 
between  the  thumb  and  forefinger  at  the  pláce  where  the  glass 
bead  Ifi,  and  by  rneans  of  a  gentlo  pressure  a  eanal  is  formed  at 
trne  sideof  the  bead  through  which  theliquid  will  run  out,  Instead 
of  the  0B8B  bead  an  ordinary  pineh-mrk  is  frequently  ušed. 

idea  the  above  formě  of  burettes,  a  great  many  others  are 
in  use,  but  it  is  unneceeeaty  to  deseribe  thern  bere, 

2.  Pipettes. — A  difltinction  must  be  made  between  a  "řulT* 
pipette  and  a  "measuring'!   one.    A  fxdl  pipette  has  only  one 

4ia 
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mark  upon  it,  and  serveš  for  tneasuring  off  a  definite  amount  of 
Hquid.  They  are  constructed  in  ilifferent  fornis;  usually  they 
consist  of  a  glass  tube  with  a  cytindrical  widcning  at  the  middle. 
The  lower  end  is  drawn  out,  leaving  an  opening  about  i-1  mm. 


Fig.  66, 

wide.  Pipettes  of  this  nature  an*  OCHMtnietod  whieli  will  hold 
respcctively  5,  10,  20,  25,  50,  100,  and  300  M. 

Mm&tvring  piptíks  are  burette-shapod  inhes  graduated  into 
eubte  centimeters  and  drawn  out  at  ti  10  lowcř  end  as  before.     They 

re  to  measure  out  tmy  desired  amount  of  liquid  and  are  obtatoftd 
with  a  total  capacity  of  1,  5,  10.  20,  25,  and  50  v<\ 

3.  Maisiuitig-flasks  are  flat^bottomrd  ílasks  with  itarrow 
oeoka  provided  with  a  mark,  so  that  when  they  are  filled  to  this 
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point  they  will  eontain  respectively  50,  100,  200,  250,  300f  500, 
1000t  and  2000  c.c.  They  serve  for  the  preparát  ion  of  standard 
soliitimis  and  for  the  dilution  of  liqoids  to  a  definite  Volume. 

I.  M,itsitriňif  rfflniikrs  are  graduatod  into  cubic  centimeters 
and  are  ušed  míly  for  rough  ineasunnunts, 

li  is  clear  that  accurate  resulls  ean  be  obtained  by  a  volu- 
metric  analysis  míly  wheii  the  insirumenis  QSed  are  arcnran  Iv 
calibratcd.  It  should  nevěr  be  takesi  for  granted  that  a  pur- 
chasid  instrument  is  correct,  bnt  it  should  always  be  carefnlly 
tested.  In  tlie  oaee  of  nieasuring-flasks  and  "řull"  pipettes,  it 
is  best  for  eaeh  one  to  etch  for  himself  the  pasition  on  the  flask 
oř  tube  up  to  which  they  should  be  filled  with  iiquid. 


Calibration  of  Measnring-flasks. 

(a)  The.  Liter  Flask. 

A  flask  is  chosen  with  a  long  eylindrical  neck  about  15-20 
mm.  in  diameter;  it  is  cleaned,  carefnlly  dried,  and  aceurately 
tared  upon  a  balance  aecurate  to  decigranis.  A  1  kg.  weight  is 
placet  1  upon  the  other  arm  of  the  balance,  and  equilibrium  is 
restored  by  adding  distilled  water  at  17°. 5  C.  to  the  flask.  Care 
ifl  taken  that  rm  drops  of  water  are  left  susperuled  froni  the  sides 
of  the  neck  above  the  water-level ;  if  any  are  present,  they  are 
removed  by  tonching  with  a  píece  of  filter- páper  wrapped  around 
the  end  of  a  glass  rotí  An  exaet  equilibrium  is  finally  estab- 
lished  by  adding  or  removing  a  little  water  by  im-ans  of  a  capil- 
lary  tube.  The  flask  is  then  plaoed  npon  a  level  surface  and  a 
pieoe  of  gum  med  páper  with  a  straight  edge  is  fastened  arnund 
ihe  neck  of  the  flask  so  that  its  upper  edge  is  jitst  tangent  to  the 
deepeei  point  of  the  water  meniacufi.  The  flask  is  now  emptied, 
dried,  its  neek  covered  with  a  uniform  layer  of  beeswax,  and 
allowed  to  coolj  this  osimlly  requirefl  about  flfteen  minutes.  The 
flask  is  thi-n  hekl,  as  is  shown  in  Fig.  07,  against  the  piece  of 
wood  $f  the  biade  of  a  pocket-knife  is  plaoed  hnuly  again  t  the 
upper  edge  <>f  the  thick  páper  ring,  and  the  flask  is  revoived 
through  360°  around  itfl  horizontál  axis:  in  this  way  a  circle  is 
ctít  in  the  wnx  layer.  By  rneans  of  a  feather  (Fig,  6,  p.  20)  a 
drop  of  hydroflnoric  acid   is   placcd  along   this   circle  while  the 
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Bask  is  hekl  in  the  horizontál  position.  By  turning  the  llask 
aruund  ttfl  axis,  the  drop  of  hydrufluoric  acid  is  allowed  to  aet 
upon  the  glass  where  the  wax  coatin»;  has  been  eut,  At  the  end 
of  two  minutes  the  excess  of  hydro  fluoric  acid  is  washed  off,  the 
neck  of  the  fiask  dried  by  nieaiis  of  filter- páper  and  heated  until 
the  wax  melte,  when  the  latter  can  be  readily  wiped  off,  The  last 
traces  of  wax  are  removed  by  rubbing  with  a  cloth  wet  with 
aleohot.     As  it  is  possible  that  the  etched  eircle  will  not  exaetly 
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coincide  with  the  upper  edge  of  the  páper,  the  flask  is  filled  three 
tiines  with  water  at  17°.5  C.  up  to  thís  niark  and  the  niean  of  the 
three  weitfhts  obtained  is  taken  for  the  eorreet  valíte.  For  an 
aecuraey  of  0.1  percent,  it  is  ordy  necessary  to  express  its  volume 
to  the  nearest  cubic  centimeter. 

Calibration  of  Pipettes.* 

It  is  best  to  háve  pipettes  preparcd  by  the  glass-binwer  and 
to  eteh  theni  for  ones šelf.  Firsl  of  alt,  the  pipette  itmst  be  serupu- 
lnusly  clcan;  no  tnuv  of  fat  whould  be  taft  0O  the  irmer  ftktefl  OÍ 
the  tube.  for  it  will  cause  drops  of  nuásíure  to  adhere  and  eseape 
measurement.  The  pipette  K  therefore,  eleaned  by  plaeing  it.  in 
a  tall  beaker  cnntaíning  a  lit  tle  coucentraled  sudium  hydroxide 
BOJutíon  and  the  latter  is  drawn  to  the  top  of  the  pipette 
by   BUckixig  through  a  rubber   tube   fastened   to   its  upper    end 

*  For  another  method  of  -calibrnting  piprttes,  see  Williams,  Jnurn  \m. 
Cbem  8oe.,  21,  246. 
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and  which  is  provided  with  a  pinch-coek.  The  solution  is  allowed 
to  remain  in  the  pipette  ff>r  from  three  lo  five  minutes. 

The  alkali  is  then  allowed  tu  run  out,  thc  pipette  washed  with 
water  and  filled  with  a  warm  solution  of  ohromte  acid  in  concen- 
trated  snlphuric  acid,*  Thus  is  allowed  to  remain  from  five  to 
ten  minutes  in  the  pipette  and  is  then  rernoved,  the  tebe  WBBhed 
gt  with  water  from  the  tap  and  finally  with  distilled  water, 

The  pipette  is  now  elean  and  ready  ť<  bfe  calihrated.  A  long 
strip  of  páper  \>  fastened  opon  the  upper  part  of  the  tube,  the 
lower  end  is  dosed  with  the  fiiiger,  and  the  pipette  ifl  řilletl  with 
water  frorn  another  of  the  samé  size.  The  pOBiti*  >n  of  the  bottom  of 
the  mcnisHis  is  notod  witli  a  load-pencil  upOD  the  páper  which  was 
fastened  to  theside  of  the  pipette.  A  glass-stnppered  flask  is  now 
accurately  tared  upon  a  balance,  thc  pipette  is  filled  exactly  to 
the  lead-pencil  niark  with  distilled  water  at  17°.5C,.t  and  its  con- 
tents  are  allowed  to  flow  into  the  tared  flask.  touching  the  end 
of  the  pipette  against  the  side  of  the  flask.  The  pipette  is  emptied 
(sec  below),  the  flask  closed  and  weighed*  If  the  weíghiog  shows 
a  volume  a  little  too  large  oř  too  small,  a  second  mark  is  made 
upon  the  páper  below  or  above  the  first  one,  and  in  this  way  the 
process  is  repeated  until  finallv  the  weight  of  the  liquid  vvliirfi 
will  drain  from  the  pipette  oorreepooda  exactly  with  the  volume 
desired.  The  strip  of  páper  is  then  eut  off  at  exactly  the  correet 
mark,  a  strip  of  gumrned  páper  ís  plaeed  round  the  pipette  at  this 
pointy  and,  after  the  gum  has  dríed,  it  is  covered  with  a  iaycr  of 
beeswax  and  etched  with  hydrofluoric  acid  as  desenbed  on  p.  415, 
After  the  niark  has  been  etched  upon  the  pipette,  it  is  filled  with 
water  op  to  this  mark  and  emptied  into  the  tared  flask,  This  opera- 
tion  is  repeated  three  times  and  the  niean  value  is  taken  as  correet. 

Pipet  tes  rnav  be  emptied  in  sevreral  ways: 

1.  By  allowing  the  contents  to  run  out  freely.  i.e.  the  liquid 
is  allowed  to  run  out  without  touching  the  end  of  the  pipette  to 


*  A  solution  of  potassium  dirhrotnate  in  roncetitrated  sulphuric  acid 
enn  he  ummí. 

t  Instead  of  calihruting  tne  DAeMtttiog  instrumenta  with  referenci*  lo  (líc 
Molir  liter,  it  ii  better  in  many  rase*  to  uae  the  truc  eubic  centimeter  as  tlu* 
unit.  Oř.  W  SohJfXier,  Zeit.  f.  angew.  Chem.  1903,  pp.  953,  977,  and 
1004.     See  fooWiote  to  p.  420. 
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the  sides  of  the  vessel.     A  drop  oř  the  liquid  will  then  always 
reinain  iii  the  pipette, 

2,  By  blowing.  The  con  tenis  of  the  pipette  are  alb  uved  to 
run  out  freely  as  before,  but  this  time  the  last  drop  is  removed 
by  lightly  blowing  while  the  end  of  the  pipette 
touches  the  side  of  the  vessel. 

3.  By  touching.  The  solution  is  allowed  to 
run  out  freely,  and  at  the  Qnd  the  point  of  the 
pipette  is  touched  against  the  side  of  the  vessel 
toto  which  the  liquid  is  being  delivered;  oř  the 
point  of  the  pipette  is  held  against  the  side  of  the 
vessel  from  the  beginning  to  the  end  of  the  opera- 
tion;  or  finally  the  solution  Ls  allowed  to  ran 
out  freely  and  at  the  last  the  point  of  the  pipette 
is  touched  to  the  surface  oř  the  solution.  The 
last  method  is  only  aliowable  when  the  glass  whirh 
is  to  receive  the  liquid  is  drv. 

Of  these  different  methods  for  emptying  a 
pipette,  the  third  one  is  the  betl*  In  all  cases, 
however,  the  samé  method  mnst  be  nsed  in  after 
work  which  was  ušed  in  the  calibration.* 

CaHbration  of  Burettes. 

The  most  convenient  metlu  id  for  ealibrating 
a  burette  is  that  proposed  by  Ostwald.f  Tbe 
apparatus  neeessary  is  slmwn  in  Fig.  68.  After 
the  burette  and  small  pipette  háve  been  eleaned 
with  coneentrated  sodium  hydroxide  solution  and 
subsequently  with  sulphuifa  and  chromic  aeids  it 
is  placed  nenr  a  balance^  hlled  with  water  at 
17°.5  C4  and  by  prcomnf  tbe  rabber  tube  at  af  Fia.  68. 
the  lit  tle  pipette  (with  a  ca  parity  of  about  5  c,e.)  is  filled  exactly 
to  the  inark  tu,     //  is  then  opened  and  the  water  allowed  to  rim 


*Gf.  Ií^port  of  the  Comiriittee  for Go-0 peru tion  with  fche  National  Buremi 
oí  BUndanb.    .1.  Am.  dtcm.  Boc  21,  Proi-enlíngs  p,  21, 

tOslwíilil,  H:md-  uíkÍ  Hilfsbuch  xur  Ausfúhrung  voa  physiko-chem. 
Mcascngcii.  1S95,  p.  103, 

t  Cf.     Foot-tiote  on  page  416. 
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out  into  B  tared  fbsk  until  the  nuirk  n  is  reached;  af ter  it  has  been 
Allowed  to  draiD  one  minuté,  the  pipette  i>  again  emptied  to  /*,  Bod 
the  eontents  of  the  fiask  weighed.     This  operation  is  repeatod  at 

I  bhree  timea,  and  the  mcan  of  the  three  wetghta  is  taken  as 
re[nr>riitiim  the  true  volume  of  the  liquid  betweeQ  the  two  marks. 
With  this  pipette  any  number  of  bu ret  tes  may  be  calibratrd. 

For  this  purpoee  water  ta  poured  into  the  burette  and  by 
opening  a  ihe  pipette  is  filled    exai.Uy  to  the  lower  niark   a; 
burette    is    then   filled  with  water  up   to   the   zero-point.      The 
temperature  of  the  water  is  now  a  mat  ter  of  indifTerence,  e\< 
tfaal  it  nuist  reinain  rnnstant  during  the  experiment,    By  opeai&g 
a  the  water  is  allowed  to  run  into  the  pipette  until  the  upper  niark 
m  ii  just  nached,  o  is  elosed,  and  the  water  ís  allowed  to  run  out 
throu^h  h  until  the  lower  inark  n  m  reached-     The  pipette  is  allowed 
to  drain  one  minuté  and  is  again  emptied  to  ■»,  after  which 
poaition  of  the  water  in  the  burette  is  read.      It  is  evident  lhát  if  the 
burette  ia  correetlv  divided,  the  volume  read  will  be  equal  to  the 
rapaeity  of  the  sinali  pipette.      If  this  ifl  not  the  rase,  the  buř 
reading  inust  be  eurreeted  tt>  inake  it  so.     In  this  way  the  OOntí 
of  the  entire  tube  are  measured  ofT,  the  experiment  is  repeated  a 
E  Ksond  tinie,  and  the  rnean  of  the  values  fouufl  is  aecurate. 

To  illustrate,  the  results  of  such  a  calibrution  will  be  given. 
In  this  čase  the  small  pipette  had  a  volume  of  4.371  CC. 


HemdiQK  No. 

Burette 
Reatlinga, 
Senes  1, 

RurPtte 
línat. 

Seně-  11. 

Mean. 

Diťfí-r 

Toi»l  CVirrec* 
tinn  to  be 
UmU 

lífjvlirn;-'- 

1 

0  00 

0   00    " 

0.00 

2 

4  37 

1  87 

4  .37 

4  37 

O  00 

3 

8  72 

s  72 

4  35 

o  02 

4 

13  OS 

13.08 

13  08 

■fO.oe 

5 

17  46 

17.47 

17   47 

4  39 

+  0  ui 

6 

2!    M 

JI 

82 

4 .35 

+  0  03 

7 

M  1K 

M 

96  19 

i  03 

8 

30  57 

30.60 

30.5* 

4  39 

Q  ol 

9 

34  «U 

34  93 

92 

4  34 

H  0  04 

10 

30.30 

80  30 

39.30 

+  0  09 

11 

43    U 

43 

43.65 

4  35 

+0.0B 

12 

18   Ol 

48  OS 

IS 

4  37 

+0  05 

From  the  above  table  a  curve  rnay  be  plotted  with  the  burette 
ttadingp  as  abeciasse  and  the  total  corrections  as  ordinates.    From 
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this  plot  the  apparent  burette  reading  esu  be  corrected  at  a  glance 
and  ils  true  value  obtained. 

Method  0}  Reading  BureUes, 

In  ordcr  to  avoid  a  parallax   error  Ixi  reading  burettes,  floats 
are  ušed  as  shown  in  Fíg.  Ů6ta  and  fe;    the  fonuer  represents  that 

of  Beuttd  and    the   latter  that    of  Rev. 

Around    the   bulb  of   a   a  cirele    ifl   etehed, 

and  if  the  eye  is  in  the  correct  positinn,  it 

appeaxs  to  the  observBT  as  a  straight  line. 

The  liquid  in  the  burette  isat  the  zero-mark, 

when  the  pn»jection  line  frotn  the  rirele  Oto 

the  fluat  cxactly  coincides  with  the  line  at 

the  zero-point  on  the  burette.     In  the  Q&8Q 

Of    dark-eolorcd  liquids  it  is  diffieult  to  soe 

the   cirele   in    the  čase    of  the  float  a,  but 

this    difficulty    is    overcome    in    h    by  the 

cirele  being  etehed  upon  the  tipper  bulb  (in 

the  figuře  the   latter  is  drawn   too  small). 

Such  floats  are  weighted  so  that  the  npper 

bulb  rises   above  the  level  of  the  liquid  in  the   burette;   it  ist 

therefore,  easier  to  make  a  reading  with  the  float  devised  by  li*  > 

than  with  that  of  Beittteh     In  refilling  the  burette,  tlie  fonuer  float 

assurnes    an  inclined    position;    it    must,  therefnre,    be    renimed, 

dried  off,  and  again  carefuHy  introduced  into  the  liquid.* 

Shellbach  has  invented  another  met  hod  of  avoidirig  t he  parallax 
ror,  by  providing  the  back  of  the  burette  with  a  dark  vcrtical 
line  upon  a  background  of  inilky  glass  as  is  shown  in  Fig.  70. 
When  tlie  eye  is  in  the  correct  position,  this  dark  line  is  apparently 
drawn  out  into  two  points  as  shown  in  the  figuře;  these  points 
coincide  with  the  lower  meniscus  of  the  liquid,  so  that  the  reading 
is  takrii  there. 

Die  error  in  reading  when  a  Softt  íl  liaed  amounts  in  an  ordinary 
fiO-e.e.  burette  to  not  more  than  U.Ol   to  0.02  C.C. 


Fio,  69. 


Fio  70. 


♦This  diflirulty   ifl  overcome  by    Diethelm  hy  placing  below  tlie  large 
bulb  a  secorid    *fliiMiMied-out"  bulb,  a  tni  in  this   čase    the   float   wiJt   DOl 

u  ti  itseif  to  tlie  s^desof  the  burette. so  that  it  is  not  neeesaaryto  ren 
it  iii  refitling  the  burette. 
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The   Dra  miny  oj  li 

Before  making  a  readíng  it  is  necessai  v  to  wait  for  the  burette 
to  drain  completely*  i.e.  untU  the  meniscus  ceases  to  rise  further 
in  the  tube;  oř,  better,  as  proposed  by  Wagner  *  to  regulate  the 
flow  of  the  liquid  from  the  burette  so  that  practically  no  Uquií 
remains  adhering  to  the  W 

Normál  Volume  and  Temptrature. 

In  calibrating  burettes  it  will  be  notieed  that  water  at  17°,5  C. 
was  ušed  and  it  was  assumed  that  1  kilogram  of  water  at  this 
temperature  oeeupied  a  volume  of  exactly  1000  C.C  This  is  of 
course  not  quite  correct,  for  in  reality  a  liter  Lfi  the  volume  oeeu- 
pied by  1  kilogram  of  water  at  4°  C.  and  weighed  in  a  vacmtm. 
For  most  ttUjfytícal  purposesřf  howeven  it  makes  no  difference 
whether  the  liter  flask  hoMs  exartly  one  litor  Of  not,  but  it  fa  im- 
fxirtant  that  all  the  d  i  (Teren  t  measuring  instrumenta  shoukl  stand 
in  the  correct  lelation  to  one  a  not  her.  In  othei  words,  the  liter 
flask  rnust  contain  exactly  ten  times  as  much  as  the  100 -■ 
flask,  and  exactly  twcnty  Umee  as  much  as  the  50-cc.  flask, 
burette,  pipette,  ete 

The  volume  of  water  which  at  17°.5  C.  weighs  1  kg.  in  the  air 
uith  bliafl  weights  is  caUed  the  Mohr  Uter. 

Wliat  rclation  d06B  \hv  Hohr  liter  bear  to  the  trne  liter?  I  >n 
WeSghing  1  kg.  of  water  at  17°.5  0.  in  the  air  with  brass  weightSj 
bolh  lose  weight  equal  to  that  of  the  displaced  air.  Now  1 
of  air  at  17°.5  C.  and  760  mm.  pressure  weighs  0,001213  gm.t  so 
that  the  water,  whoee  volume  is  praetíoally  1000  e.c,  when  weighed 
in  air  is  1000x0.001213-1.213  gam.  lighter  than  when  weighed 
in    vacuo.     On    the    other   band,   the   kilogram    of    brass,  wli 

1000 


denaity  is  8.4,  oecupiee  a  volume  of 


8.4 


119  C.C,  and   aer 


ing]  110X0.001213-0.144  pru.  lese  in  the  air  than  in 

varnu.     It  is,   therefore,  evi.lent  that   the  amount  of  water  whirli 

•  BabHitationaBohnfi,  Letpéig,  1808,  p.  33. 

t  For  ga*K>metrif  purpom  the  piCMftmng  apparatUB  shrnild  be  euli- 
brated  in  fcnifl  cttbic  oentimeter^  By  raultiplying  the  reading  by  1.0023 
Mohr  ptibta  centimeter  will  be  clianged  to  tbe  forraer.  See  abo  W» 
Schkxwer,  Zeit.  f.  angew.  Chem.,  1903,  pp.  953,  977,  and  luoi. 
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weighs  1000  gms,  in  the  ítir  with  brass  weights  at  17°.5  C.  would 
weigh  1000+1.213-0.144=1001.1  gms.  in  vacuum. 

Further,  as  the  deiiMiy  OÍ  water  at  17°,5  C.  is  0.99875,  it  fo 
olgar  t hat  996,76  gms.  nf  water  at  this  temperature  would  con-esp- au ( 
to  the  trne  liter;  that  18,  it  would  t»ecupv  the  samé  volume  as  1000 
gms.  of  water  at  +4°  C.     It  followa  from  this: 

998.75:1000  =  1001.1:*. 

x=  1002.3  cc.at  +4°  C. 

1  Mohr  Uter—  1002.3  trne  cubic  centimeters. 

1  tni*'  liter  -    087.7  Mohr  cubic  ccntímeters. 

If  it  is  desiral  to  etch  upon  the  measurbíg  instrumenta  the 
eapaeity  in  truc  li  tors,  it  is  hrst  m  prweed  as  folhuvs:  Uptm  the 
left-hand  pan  of  the  balanee,  weightfi  are  placed  amountiQg  to 
thd  loss  In  weight  on  acmunt  of  weighing  in  air,  together  with 
the  flíisk  to  be  ealibrated,  and  then  enough  water  is  ftddfid  to 
counterbalancc  the  brass  weigh  ts  on  the  other  seale-pan. 

I JpoB  the  left-hand  pan  there  would  be  placed: 

For  l      liter,  2.8    gms. 
"    0.50  "      1.16 
11    0/25  u     0JBSB  k 
"    0.20  "      0.46    u 
"    0.10  lť      0.23    " 

The  "Nornialaichimgseomniissíon*'  of  Berlin  také  15°  C\  far 
the  "normál"  temperature,  while  Wagner  reeommends  20°  C. 

According  to  the  aut  hor1  s  opinion,  the  temperature  of  15°  C. 
is  unsuited  for  the  ealibration  of  instrument*,  berause  the  >\ 
in  which  the  weighingfi  are  matle  is  almost   ahvays  al    a  higher 
temperature,  so  that  ií  a  llask  is  filled  with  water  at  15°  C-,  M 
onoisture  will  eondeose  on  t  le  of  the  flask  and  this  will 

ler  an  accurate  weighing  impoanble.  The  temperature  i  f 
the  laboratory  is  usually  in  the  neighborhood  of  17-líP  C.,»Q  th:it, 
eEXOepi  on  a  hot  summer*-  day,  this  eondeusatinn  will  not  také 
pláce  it  the  water  io  the  flask  is  at  the  sánu-  temperature.  The 
aut  hor  believes,  however,  that   on  the  whole  it  woulu1  r  to 

ealibratc  all  ixieasuring  insuunients  in  trne  Gttbtti  eeuttmeti 
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Allowable  Error  m  Measuring  Apparatus. 

According   to   tlie    u  Noraialaichungscommisáion ."    the   follow- 
ing  errors  are  permLssible: 

1.     PlFETTES, 

Contaming 1  2  M 


Ancrrorof . .  0.01       0.01 

( 'orrespondiog  to 1.0         0.5 


0.02 
(i  9 


20 
0.03 
0.15 


25 

0.O3 

0.12 


0Q      100  c.c 
.05    0.1  c.c 

0.1    0.1  %. 


2.    FLASKS    rALIBKATED    FOR    CAPAC1TT. 

ňning....     50  100  200  500  1000  2000  cc 

Ancrrorof 0  05  0  1  lil  0.15  03  0,5, 

Ainouutiugto..  0  1  0.1  0  05  0,03  0.03  0,025% 

It  is  possible  to  obtain  a  greatcr  amiracy  in  the  čase  of  pipettes. 
Thus  the  folio  wíng  results  wcrc  obtained  by  the  aut  hor: 


50  c.c.  No.  1  =49.9904, 49.0910,  49.9926  gms. 

/*  =  0.íX>2\\  F*-0.001  % 
rAirv.  Na  2-80.0176,  50.0303. 

/    rum  '  i    F-0.003  '  ,. . 
50  c.c,  No.  3  =  49.9933,  40.9866,  49.9926. 

f-0.007  %,  ř-0.004  % 
20  <\c  No,  4-20.0069,  20.0068,  20.0065. 

/  =  U.003  ',  .  /      0.002 
20  r.f.  No.  6-20,0100,  20.0100,  20.0129. 

And  ín  the  aan 

lo-c.r,   Rpette;  f  -0.008  %,  F-0.004, 

c.        ří        /=-imiii  \ .  F-Q.006. 


Mean  =  49,9913. 
Mean-  50.0189. 

Mean  =49.9909. 
Mean  =  20.0061. 
Heaa-  20.0109. 


*  By  /  i«  undi-rMood  the  average  error  of  the  single  detenninfttíOB      ít 
íi  eomputed  by  thfi  fonnula  /—  ±%í  — L~Z\  (cf*   Kohlrauach: 

Leitíaden  ti< r  prakt    Physik.),  in  erhích  n  repreeente  the  mirober  of  d- 
triiiiation»  imtde,  nnd  d,  tft.  </,  .  .  ,  repraeent  the  deviatíon  <«f  each  írom  the 
arfthmetric*]  mean  and   -  ,1^^,..)  the  mhu  of  the  equam  of 

ti,,,  ii  on,     /  I— —! — ^ — i-i-^  and  representa  the  probable  error 

of  the  i"* 


NORMÁL  SOLUTIONS, 


423 


Normál  Solutions. 

By  a  normál  solution  is  understood  one  whkh  contains  one 
"gram-eqiuvalentM  of  the  aetive  reagent  dissolved  in  one  liter  o f 
solution.  By Él  gram-equivalent ' '  is  meant  the  amount  of  substance 
corresponding  to  one  gram-atom  (1.01  gms,)  of  hydrogen.  For 
00PY€nÍgoee  in  coniputation  the  concentration  of  solutions  uscA 
for  volumetric  purposes  are  expressed  in  terms  of  their  normal- 
ity; i.e.,  a  solution  is  2  normál,  h  normál,  TV  normál,  etc.  The 
letter  N  is  ušed  as  an  abbreviation  for  nmmnL 

A  normál  solution  of  the  folio  wing  substances  will  contain 
difiBolvod  in  1000  c.c: 


Hydrochloric  acid,  1  gm.-mol.  HC1^36.46  gms,  ^1  gm.-atom  H. 
Nitric  acid   (as  an  acid),  1  gm.-mol.  HNOa=63.05  gms.  =  1  gm.- 
atom  H. 

98  08 

Sulphuric  acid,  \  gm.-mol.  HjS04=—^— =  49.04  gms.  =  l  gm.- 
atom  H. 

Potassium  hydroxide,  1  gm.-mol.  KOH  =  56.16  gms.  =  l  gm.- 
atom  H. 


106.1 


=  53.05  gms.-l 


Bodhmi   carbonate,    \  gm.-mol.  Na,CGsa 

gm.-atom  H. 
Siiver  nitráte,  1  gm.-moL  AgNOa«  169.97  gms.  =  1  gm.-atom  H. 

How  much  potassium  permanganate  oř  potassium  dichromate 
must  be  dissolved  in  l  liter  of  solution  to  obtain  a  normál  sólu* 
ttoU  of  each  salt  for  oxidation  purposes? 

First  the  oxidation  cquations  must  be  written: 

1.  In  acid  solutions  potassium  pcrmanganati  ta  reduced  to 
fialts  of  potassium  and  manganous  oxides  with  loss  of  oxygen; 
the  latter  is  taken  up  by  the  substance  oxidized: 

iMvMm  \  -  KtO  +  2MnO  +  50. 

Two  gram-mnlecules  of  KMnO|(  therefore.  enrrespond  toSgm- 
atoms  of  oxygen,  oř  10  gm.-atoms  of  hydrogen.     For  the  normál 

158  15 

solution  I  raolecular  weight  in  grams  of  KMnO„        u     —81,68 

gms..  should  be  dissolved  in  1  liter. 
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2.  Potassium  dichromate  is  reduced  to  salts  of  potassiuin 
and  chromte  oxides: 

K2Cr20.  -  K,«  I  +  Cr,.Oa+  80. 

One  grani-moJecule  of  K2Cr207  loses  3  gm.-atoins  of  oxyLr"n, 
corresponding  to  6  gm.-ntoms  of  hydrogen.  (  tae  liter  of  normál 
Bolutioo    will  contain  £  molecular  weight  in  grams  of  K7CtSk. 

Ž94.S 

— - —  =  49.08  gms,* 

If,  however,  the  pntassium  diehromate  ta  not  ušed  as  an  oxi- 
(ii/ing  agent,  bul  as  a  precipitant,  e.g.  for  the  precipitation  of 
barium  as  barium  chromáte,  the  C&ae  is  different : 

KaCC|0T+2BaCl,+2NiCIHA- 

-  2KC1  +  2Nia+  2HC2HA+  2BaCW  >4. 

One  grani-nioleeule  of  K2Cr2o7,  therefore,  piecipitates  2  gm,- 
atome  dl  barium,  and  this  correspondfl  ta  i  gm, *toras  of  hydíogeo, 

so  that  i  gm.-molecule  of  KjCr207  will  no\vr  be  suťficient  to  ijiak<    1 

294  5 
liter  of  normál  soluťmu.  —  r-  =  73.62  gms. 

4 

It  is  evident,  then,  that  the  amount  of  substance  necessary  to 

make  a  imnnal  BOlution  depends  upnu  tlie  purpose  for  whieh   it 

ia  (o  be  ušed,    ln  preparing  a  oortoal  sohition  the  requfoed  amount 

of  substance  must  be  diluted  with  water  a1   the  normál  temp 
ture,  and  in  the  BUbeequent  work  with  theea  Bolutiooa,  to  obbUQ 

the  greatiM  urniracy,  the  rea<iings  should  be  reduced  to  this  tem- 
pera tu  re.      This  reductiou  is  made  by  nnting  the  temperatun 
the  sulution  at  the  time  of  the  analysis  and  nvultiplying  the  amount 
ušed  by  the  emTespMiiding  factor  taktu   ťn.m  a  table  such   aj   ihe 
folio  wing: 

*  Thr  sáinp  reoultf  will  be  obtained  by  coiiaidering  ti 
wlmli   the  manganeee  aml  chronáum  undeigo  on  reduction.     The  formef 

duoed  un  actd  eolutforo)  froto  a  valence  of  wven  to  a  valence  of  I 
aoimpoiiding  to  five  atoms  of  hydrogen,  In  the  dichromate,  each  of  the 
two  atoms  of  ohromí  um  i»  changed  from  a  vatave  <>í  mx  to  a  valence  of 
thrcc,  equivalent  to  *ix  atom*  of  bydrogen.  Comeqiiefttly  íncím  this  point 
of  view  it  is  evident  that  l  <>f  the  molecular  wH&rlii  of  pennanganate  and 
|  of  a  molecular  weight  <>í  bíchromate  muet  be  n^ed  to  prepare  one  hter 
of  normál  sólu t ion.— [Transla tor .] 
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TA  BLB     FOft    THE     HEDUCTION    OF    THE     VOLUME    OF    A    --    ŠOLUTION   TO  THU 


NOHMAL   TE  M  VE  I  í  A 1  V 11 E . 

Temp«ralyre. 

Correction  Factor. 

Temperature. 

Correctifm  F«ctor+ 

5 

1.00124 

l  .00122 

1     HOUs 

1   00114 
1.00107 
l  .00101 
1 .00091 

1  .IMHVSO 

1 ,00008 

l  00034 

i  ooftn 

16 

1.00024 

6 ...... 

17.... 

1 .00008 

7 

17.5 

1.00000 

: 

ta   

19 

0  1*1*992 

9   

0  00976 

10 

90 

0  99955 

11 

21 

0  ÍJ998C 

12 

22 

o  W914 

ia 

23 

0  99^93 

14 

24 

0  99870 

15  . 

.25 

0  99** 17 

\ 
If,  fnr  example,  20  c.c.  of  a—  sohition  at  25°  0.  wwe  ušed  for 

an  analysis,  thífl  volume  at  the  normál  temporature  wmild  be 

20X0.99847=19.9694=19  97  cc 

N 
The  above  table  can  only  be  ušed  for  --  solut :  i«  m&     The  following 

table  shows  the  expansion  of  1  liter  of  different  liquids  when  wanncd 
from  15  to  25°  C.    The  observations  werc  made  by  A.  Schulte.* 

EXPANSION*   OF    1000  C.C.    OF   SALT  SOLUTfoX    FimM    15-25°  C. 

Water , . . . 2.05f  c.c. 

^  KMnC \  snlution 2,13      " 


1  AgN0» 

íí 

,nt 

« 

N   Hadi 

a 

n  na 

u 

K   H,( '.»>, 

a 

NbjOO, 

a 

N   H,st.( 

n 

N   HNO, 

n 

\    říaOH 

U 

2.16 

2.06 

2.12 
2.42 
2,62 
3.08 
3.05 
3.07 
3,15 


u 
a 


#* 
u 


*  Zeit.  f .  anal.  Cheni.,  21 ,  167. 

f  Cómpuied  frota  tablet  of  Thiesen.  Scbeelj  and  Marek. 

X  This  Bolution  wai  not  tenth-nonoal,  l«ut  mntained  enough  chloride 
in  l  liter  to  prcripítrtte  1  gm.  of  silver  {slightly  less  than  tcnth-nomial). 

§  Tíiis  Bolutioo  eontained  enoqgti  chloride  per  liter  to  přeci  pitate  10  gma. 
of  silver  (a  lit  tle  less  than  nomial). 
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SUBDIVISIONS    OP   VOLUMETRIC    ANALYSIS. 

J.    Ariilimetry  and  Alkalinietry. 
IL    Oxidation  and  Reduction  Processes. 
III.   Precipitation  Proeettes. 

1.  ACIDIMETRY  AND  ALKALIMETRY. 

This  covers  the  analysis  oí  acids  and  bases.  In  order  to  deter- 
mine  the  amount  of  acid  pregent,  au  ulkaline  Bolutkm  of  knowa 
strcn^th  is  required;  and  convw&ely,  in  the  analysis  of  a  ba*6, 
an  acid  solution  is  required.  In  In.tli  oasei  the  "cnd-point"  of 
the  reartion  is  determined  with  the  help  of  a  sui table  indícator. 
The  accuracy  of  the  result  depeods  largely  upon  the  choice  of 
the  indieator,  so  that  at  this  pl&Ce  a  tVw  words  will  be  said  with 
regard  to  the  indicators  inost  frequently  ušed  for  detecting  the 
presence  of  acids  oř  alkalies. 

INDICATORS, 

The  indicators  ušed  in  acidiinetry  and  alkalimetry  are  for  the 
most  part  dyestufTs  consisting  of  a  weak  acid;  in  a  lYw  rare  cases 
the  indicators  are  weak  bases.  According  to  Ostwald,*  in  order 
that   an  ekctffolyte   may   plav   ihe  part   of   an  indicator  it  nmst 

seafl  a  different  color  when  in  an  Qndiasociaied,  electrically- 
ncutral  condition  than  when  present  in  the  form  of  ion-,  a&d  an 
indicator  is  sensitive  in  propurtion  as  thk  rhange  is  of  a  pro- 
Etouooed  natnm  and  the  ftHghter  the  extent  of  its  difiaociatíon. f 

Thus  phenolphthaleín  (PH)  is  a  ak  acid,  and  its  solu- 

tiun  in  aqueous  aleohol  m  dissoeiated  to  oníy  a  limited  extent 
aceording  t o  the  cqua tíoú 

PHi-P  4  II : 

the  electrically  neutral  moleeule  (PH)  is  colorless,  whereas  the 

inion  P  is  red.    The  aqueous  solution  of  phcnolphthaleín  is  col- 

orless  because  there  are  not  an  appreciable  amount  of  the  anions 

Mat.     If,  Qow,  we  added  t<»  the  solution  containing  the  pheno!- 


*Lehri>urh  oVr  allgetneinen  Chemie, 

fit  is  probable  that  Ostwmlďt  ftxplanattOf]  of  the  change  of  color  in  índl- 
vhollv  convt-t.     On  the  "dier  hand.  his  conclusions  with  frgird 
to  their  ■  ?*8  seems  to  ta  right.     Cf.  StieglíU,  J,  Ani.  Chem.  B 

2."i.  11 12. -{Transit 
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phthaleín  a  trace  of  a  strong  ba.sc,  such  as  sodium  hydroxide, 
which  is  almost  completely  dissociated  into  its  ions, 

NaQH^Ňa+OH, 

the  hydroxyl  ions  from  the  base  will  unitě  with  the  hydropen 
ions  from  the  indicator,  the  equilibrium  as  shown  in  the  finst 
equation  will  be  dcstroyed,  and  more  phenolphthalein  will  bemmo 
dissociated,  and  this  will  go  on  nutil  euough  P  ions  are  p řešen t 
ta  the  solution  to  give  the  red  color.  If,  on  the  other  hand,  a 
trace  of  acid  m  added  to  the  solution,  the  reaction  takés  pláce  in 
the  reverse  direction;  by  inereasing  the  concentration  of  the 
hvdrogen  ions,  the  dissociation  of  the  phenolphthalein  ia  dimin- 
ished  and  the  solution  again  becomes  colorless.  It  is  clear  that 
the  smaller  the  extent  of  dissociation  in  the  indicator,  the  tess 
acid  oř  base  will  be  necessary  to  produce  this  change  of  OokOT 
and  the  more  sensitive  wiD  be  the  indicator. 

A  large  number  of  indicators  háve  becn  proposeil  for  aciili- 
metric  and  alkalimetric  prneesses.  Here  only  methyl  orange, 
lacmoid,  litmus,  and  phenolphthalein  will  be  considered. 

L  Methyl  Orange.* 

Under  methyl  orange,  Lunge.t  wno  fírst  proposed  the  use  of  this 
indicator,  understood  either  the  free  sulphorúc  acid  of  dimethyl- 
amido-azo-benzene  oř  its  sodium  or  ammonium  salt. 


A,    THE    FB3EB   srí.HTUXlOACID, 


N(CH,)2— C;H4— N=N— t;ilr 


-SO,řL 


In  the  free  statě  this  substance  is  obtained  in  the  forin  of 
reddish-violet  scales,  soluble  in  considcrable  water.  If  the  solid 
is  dissolved  in  as  little  water  as  possible,  a  distinct  reddish-orange 
colored  solution  is  obtained ;  but  on  the  further  addition  of  water 
this  color  gradually  changes  to  yellow.  If  a  trace  of  an  acid  is 
added  to  the  yellow  solution,  it  becomes  ,red  again  and  on  further 

*  Th:s  dyostuff  is  known  eommercially  as  heliatithin,  nnuige  Illt  l«>- 
pttoUn  D,  Poirrier's  orange  III,  dirnethylaniUnc  onmge,  mandarine  orange, 
and  Rold  orange. 

t  Berichtc,  II  (1878),  p.  1944;  Zcitschr.  f.  ch.  Industrie,  1881,  p,  348; 
Handbuch  fiir  Sodainduatrie,  I  (1S79),  p.  52;  II  (1S93),  p.  151. 
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dilution  with  water  the  color  changes  to  orange  and  finally  to 
yellow  once  more,  if  too  much  acid  was  not  added.  This  color 
change  can  be  easily  explaim  <1. 

On  dissolving  the  free  sulphonic  acid,  to  which  for  the  saké 
of  >iniplicity  we  will  assign  the  formula  MH,  It  is  slightly  disso- 
ciated,  aceording  to  the  mass-action  law,  as  shown  by  the  folluu- 
ing  equation,  t 

MHrfíf+H, 

into  negative,  intensely-yellow  colored  M  ions  and  into  colorless 
II  ions.  In  the  coneentrated  aotation,  however,  there  are  so 
few  of  the  yellow  ions  present  that  they  are  alnmst  without  influ- 
ence  upun  the  color  of  the  red,  elcetrieally-neutral  niolecule.  On 
dilution ,  the  dissociatám  is  iuereased  80  that.  soon  an  or&nge  color 
ís  noticed,  and  by  sttU  further  dilutioii  the  dissoeiation  is  in- 
creascd  until  finally  the  yellow-colored  ions  preponderate.  If 
to  thlfl  yellow  Bohltion  a  inere  trace  of  a  strong  acid  is  added,  the 
concentration  of  the  hydrngeii  ions  is  inCTOftflod,  the  dissoeiation 
dimimshed,  and  the  red  color  of  the  uudissoeiatcd  Piolecttteifl  onoe 
more  in  evidence.  Mrštili  further  dilution,  bowever,  more  M  ions 
are  formed,  so  that  their  yellow  color  is  once  more  in  evidence,* 

lf  it  is  desired  to  titrate  a  soluťton  eniitaining  sodium  hydrox- 
ide with  a  tenth-nnmial  aeid.  ;i  litíle  methyl  orange  ifl  added  to 
the  alkaline  solutioii  and  the  aeid  ia  added  until  the  solution  is 
colored  a  distinct  red.  The  lattor  color  will  not  appear,  however, 
until  an  cxcess  of  the  acid  has  been  added,  This  cau&es  a  slíght 
error  in  the  analysis  which  is  gre&ter  in  propnrtion  to  the  amount 
of  iiidicator  employed,  and  the  more  dílute  the  solution. 

It  is  apparent  that  the  weaker  the  acid  character  of  the  indi- 
cator  the  BQi  itívie  it  will  be,  and  the  opposite  is  true  of  in- 

díc&ton  which  are  bm 

Frum  what  has  hecn  BRld  the  folio  wing  rule  holda: 

In  any  titration  the  smallest  amount  possible  of  indicator 
shnnld  be  used,  and  ina/rnuch  as  the  change  of  color  is  propor- 
tional  to  the  coneentration  and  aot  to  the  absohite  amount  Os 
acid  preaentj  the  titrated  solution  ahould  háve  as  nearly  as  p 
sible  the  sarne  concentration  as  was  the  caee  in  the  standardiza- 
tion  of  the  normál  Bolution. 

*Cf.  Bticgiiu,  J:  Am,  Cbem.  Soé.  25,  1117; 
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When  a  normál  acid  is  med  for  the  titration,  the  change  of 
color  is  ven-  sharp  when  the  volume  of  the  solution  titrateu 
amounte  to  about  100  e.c.  Even  with  a  íifth  normál  solution  the 
change  of  color  is  very  disthict,  but  less  so  with  teiitli-normal 
solutions,  but  these  can  be  titrateil  provided  the  staiidardization 
was  made  at  the  sumě  dilution  as  that  ušed  in  the  anah 

How  is  it  with  the  end-point  in  the  titration  of  an  acid  with 
an  ulkaline  hydroxide  solution? 

é 

If  a  few  drops  of  methyl  orange  are  added  to  100  c.c.  of  water, 

the  latter  will  be  colored  distinctly  yellow.     If  we  imagine  that 

the  solution  rniitains  the  samé  amount  of  gaseous  hydrochíoric 

acid  as  is  eontuined  i  ti  10  e.c.  of  a  tenth-normal  solution  of  tliis 

acid,  the  solution  will  be  colored  a  ileep  rod.     In  order  that  the 

solution  shall  assume  its  originál  yellow  color,  it  is  only  neeessary 

N 
to  add  exactly  10  c.c.  of  — -  alkali  hydroxide  solution,  but  no  ex- 

cess  of  alkali  t  because  the  water  is  itself  sufficicnt  to  decoinpose 
the  dyesturT  sufliciently  to  produce  the  yellow  color. 

It  is  evident,  then,  that  it  is  not  a  matter  of  indifferonee  in 
the  analysis  whether  the  titration  is  completed  by  the  addition 
of  acid  oř  by  t.he  addition  of  alkali.     In  the  former  čase.  for  the 

N  N 

titration  of  T  c.c,  of  —  alkali  solution,  T-f  t  c.c.  of  —  acid  would 
lu  lu 

be  necessary. 

Methyl  orange  is  more  sensitive  toward  alkali  than  it  ifl  toward 
add,  but  many  prefer  to  fmish  the  titration  by  the  addititm  of 
acid,  for  most  eyes  can  detect  the  chatař  ímin  yellow  tu  red  with 
greater  aeruraoy.  In  princi ple  ít  is  more  aeeurate  (O  nrentuplish 
the  titration  the  *>ther  wny,  M  W9ě  recommonded  by  V.  Glaser, 

frepuration  oj  Mr-thyt-ormujt-  Solution.— The  solution  of  0.02 
'rit  of  solid  methyl  orange  *dis  olved  in  100  c.c.  of  hot  water  i-<al- 
luweil  to  cooh  and  any  deposite d  meta-sulphontc  acid  is  filtored  off 

Use. — Methyl  orange  is  suitable  for  the  titration  of  strong 
acids  (HO,  HNO*  ll.Si)4)  as  well  as  phosphoric  anrl  šulphurous 
acids.     Hydrochíoric   and   uitric   acids  can   be   titruted   with   this 

*  If  tue  free  acid  ia  not  at  hand,  0.022  gau  of  the  sodium  salt  is  dí&snlved 

N 
in  100  c.c.  of  water,  0.67  c.c,  ~  HCI  is  added,  and  after  standing  aome  time 

any  depositini  crystals  are  filtered  off. 
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indicator  with  a  sharper  end-point  than  is  the  čase  with  sulphuric 
acid      If  free  phosphorie  acid  is  titrated  with  sodium  hydroxide 
using  thi.s  indicator,  the  solution  changes  from  red  to  yellow  when 
-third  of  the  phosphoric  acid  has  been  ncutralized: 

HaP04+  NaOH  =  NaH2P04+  Ha(X 

The  primáty  phosphates  are  neutral  toward  methyl  oranže, 
whilejhe  secondary  and  tertiary  phosphates  react  alkaline  toward 
it.  With  half-nomial  solutions,  the  end-point  of  the  react  ion  is 
fairly  sharp,  with  tenth-normal  solutions  it  is  less  so;  in  the  Jatter 
čase  an  excess  of  about  0.3  c.c.  of  the  tenth-normal  alkali  is  nec- 
essary  to  cause  the  change  from  rcd  to  yellow. 

Sulphurous  Acid. — In  titrating  sulphurous  acid  with  sodium 
hydroxide,  the  yellow  color  is  obtained  when  half  the  acid  has 
beeo  neutralized, 

H3SOa-h  NaOH  =  NaH80t+  Ha0, 

so  that  NaHSOs  is  neutral  toward  this  indicator. 

The  weak  acids  HCN,  CO,,  H2Š,  A*fiv  BaOs,  CrO,  when  pres- 
ent  in  considerable  amount  do  not  act  upon  the  indicator.  COx 
and  HjS  produce  an  orange-red  coloration  only  when  present  in 
large  amounts.  For  this  reason  the  alkali  salts  of  these  acids  can 
be  titrated  with  accuracy  by  means  qí  this  indicator. 

Organic  acids  cannot  be  titrated  with  methyl  unmge. 

The  strong  and  weak  bases  NaOH,  KOH,  Mt/íII,  Ca(OH)„ 
SrCOHíjBaíOHJj,  and  Mg(OH)3  can  ta  titrated  with  greal  ar.-u- 
racy  by  means  of  this  indicator,  and  the  samé  is  trne  of  the  amine 
bases  (methyl  and  ethyl  aniines,  etc.) :  on  the  other  band,  such 
weak  bases  as  pyridine,  aniline,  and  tohiidine  cannot  be  titrated. 

Nitrous  acid  ordinarily  cannot  be  titrated  with  this  indicator 
because  the  acid  destmys  it.  If,  however,  an  excess  of  alkali  is 
first  added  to  the  solution  of  nitnnis  acid,  thcn  the  niethjd  orange, 
the  titration  can  be  accomplished  with  accurar 


N(CHt). 


THE  SODIUM  SALT, 

flH  4— X=X—  C0H4SO*Na. 


This  sodium  salt  can  be  ušed  as  an  indicator  in  the  samé  way 
as  the  free  acid;  it  slmuld  ta  mentioned,  however,  that  the  com- 
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mereial  salt  often  contains  small  amounta  of  sodium  carboiun- 
as  impurity,  whieh  causes  it  to  be  slightly  less  sensitive  than  the 
free  aoid, 

The  change  of  the  yellow  color  of  the  solution  in  this  čase 
takés  pláce  whea  the  salt  has  been  decompoeed  by  the  additiun 
of  an  equi  valen  t  aniount  of  a  stronger  acid,  and  the  dis.soeiMimi 
of  the  free  acid  diminished  by  increasing  the  conccntration  of  the 
hydrogen  ions.  As  a  raatter  of  íuct,  however,  the  amount  of 
acid  necessary  tn  ríWt  this  change  in  a  solution  containing  a 
drop  of  the  indicator  sulution  ii  inappreriable. 

2,  Lacmoid,  oř  Resorcin  Blue, 
GJEÍ&JÍ, 

Lacmoid  is  prepared  by  heating  resorcin  with  sodium  nitrite 
at  not  too  high  a  temperalure.  The  cnnstitnlion  of  the  dye  has 
íiut  been  completely  established.  Pure  lacmoid  is  soluble  ;n 
water  (the  impure  product  is  diffieultly  soluble),  but  more  soluble 
in  alcohol,  glacial  acetic  acid, actone.  aod  phenol,  and  less  mi  in 
ether.  To  detemiine  whether  a  sarnple  of  comniercial  lacmoid 
is  suitable  for  use  as  an  indicator,  a  little  of  it  is  boiled  with  water; 
if  the  water  is  eolored  an  intense  and  beautiful  blue,  it  ran  be 
ušed.  In  this  čase  the  alcoholic  solution  will  be  of  a  pure  blue 
color,  and  not  with  a  tinge  of  violet,  as  is  the  čase  with  the  impure 
substance, 

I'n  paraHon  of  Pure  Ijicmoid, — Tli"  sohltkai  of  the  gooá  com- 
niercial product  in  hot  96  per  cent  alcohol  is  filtered  and  aQowed 
to  evaporate  in  vacuo  over  eoiieontratrd  sulphuric  acid. 

Preparátům  of  the  Indicator. — A  solution  is  ušed  containing 
0,2  gm,  of  the  purified  lacmoid  in  1  í K )  c.O,  OÍ  alcoho], 

Beharior  of  Lticmottl  tOWQrd  AcUk  orní  Boěe6s-  If  the  solution 
:i!ut  it  has  been  eolored  reddish  by  acid  is  bnaated  Ifith  ;i  solu- 
tion of  an  alkali  hydroxide,  the  red  color  is  gradually  ohfinged 
to  a  violet-red,  and  on  further  additinn  OÍ  alkali^  it  suddenJy 
changes  to  a  pure  blue.  If  the  VtókŘ  solution  is  diluted  with 
considerable  water,  it  been  i  nes  blue. 

Uses. — Lacmoid  is  suitable  for  the  titration  of  strong  aeids 
and  bases  as  well  |fl  for  ammunia,  but  is  not  suiteti  for  the  ti  tra  ti  on 
of  introus  acid  or  weak  acids. 
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3.  Litmus. 

The  ehief  coloring  priiu aple  of  litmus.  the  azolitmin,  is  a  dark- 
hrown  puwder  only  slightly  soluble  in  W&tttT  and  insoluble  in 
alcobo]  and  ether,  With  alkalies  it  fontu  a  rea tlily  soluble  blue 
salt.  Hesides  the  azoUtmin,  there  are  other  dyestuffs  prezent  in 
litmus  whieh  are  soluble  in  alrohol  wit-h  a  red  color. 

Cornruercial  litmus  fa  obtained  in  small  cubes  mixed  with  con- 
nderoble  caleium  carbonate;  the  dyestutTs  are  then  in  the  forra 
Of  their  caleium  salts,  Bohlble  in  water.  If  the  commercial  mate- 
riál is  dkeolved  in  water,  a  sohition  of  blue  and  reddish-viol*-t 
coloring  matter  is  obtained,  which  bccomcs  ml  cm  the  addition  uf 
acid.  On  tnaking  alkaline  again,  a  pure  blue  color  is  not  obtained 
at  hrst,  but  ■  rcddish-violct,  which  beeoines  blue  on  the  addition 
"i  riumiderable  alkali.  Such  a  solution,  therefore,  is  far  from 
being  a  sensitive  iiidicator  and  cannot  be  ušed  for  aceurate  work. 
A  numbex  of  different  metlu  ■■  been  pro  posed  for  obtaining 

a  sensitive  litmus  sohition,  and  that  of  l\  Habr  *  will  be  deseti  1 

Purípattion  of  Lilmm.—lim  cubes  of  litmus  are  placet!  in  a 
porcelain  diflfa  (without  powderin*:),  cnvered  with  85  percent,  aleohol, 
and  digested  on  the  water-bath  for  some  tinie  with  frequent  stirring, 
The  sohition  i*  deeanted  off  and  the  operát  ion  fa  repeated  three 
times.  By  this  means  the  undesired  coloring  matter  is  removed. 
Ti  li*  residue  is  now  extractod  with  hot  water,  and  as  it  is  very 
difficult  to  filter  the  solution,  it  is  pouréd  into  a  taíl  eylinder,  and 
aftcr  standing  several  days  the  clear  liquid  is  siphoned  off,  The 
Bcdutíoa  is  cMncentrated  feoabout  one-thirdof  itB  volume  and  acidified 
With  acetic  acid  in  nrder  to  deeompose  the  potassiurn  carbonate 

Mott.  It  is  then  svapocated  to  1  svrupy  oo&sfeteDey  lipan  the 
water-bath  and  the  mass  eovered  with  B  large  aniount  of  00  per  1 
alrohol.  By  this  means  the  blue  coloring  matter  is  přeci  pitated, 
while  the  remainder  of  the  violet  BUbsta&Oti  remains  in  BOlutiOU 
with  the  rmtftftnnim  acetate.  The  reeldue  ia  filtered  off  and  cfie- 
solved  in  sufficient  hol  water  so  that  three  dropa  of  the  solution 
will  be  aeceasary  to  impart  a  distinct  color  to  60  c.c  of  water. 

>. — Litmus  ran  be  08(  bhfi  titration  of  inorganic  and 

strong  organ  i  e   acids.  alkali   and   alkalmc-carth   hydroxide*  p  and 
arnmonia.  as  well  as  ft»r  the  titration  of  carbooates  in  1  I  ion. 

♦Lehrbuch  der  CheaihMh-Aii.-iIvtische  Titrnnethode. 
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4.  Phenolphthaleín, 

CA 

o— co 

The  presence  of  the  two  phenol  groups  imparts  a  slight  acid 
chiraotef  to  this  snljstance.  It  is  insohible  in  water,  but  readíly 
sólu ble  in  a  1  co  ho]. 

Prvpífration  of  the  lndicator.  —  One  gram  of  pure  pho:-,ol- 
phthaiein  is  dissolved  in  100  c.c,  of  (M  per  cent.  a  len  hul. 

Propcrtfa*—Ao&yrům&  to  Ostwalďs  theory,  phmulphthaleín, 
which  we  irill  d&Bgn&te  for  brevity  wiíli  the  symbul  Pii,  is  mlnrless 
\vhi*n  in  an  umlissnrhtTrd  ríniditinn,  hul    its   eathlOB  Í8  OOloVBÚ  aa 

intense  red.*    Adropof  tihe  iiKiioatorftdded  to  pure  dÍBtilled  watcr 

yieids  i  colnrless  solution. 

This  verv  ucak  acid  is  dissociated  to  an  inappreciable  extent 
according  to  the  equation 

and  there  are  not  enough  P  ions  present  to  inipart  color  to  the 
solution, 

If  a  mere  trace  of  alkali  hydroxide  is  added,  the  hydmxyl  iona 
of  the  base  immediately  unitě  witfi  what  hydrogec  fcODfl  there  are 
present  in  the  sohition  to  form  eleetrically-neutral  water,  so  that 
the  equiíibrium  in  the  above  dissociation  equfttíoo  is  distutUii 
and  the  reaction  takés  pláce  i  ji  the  dirertiun  froni  left  to  right 
until  the  amount  of  P  ions  present  is  suifiťient  t<»  prudnce  the  red 
edbr.  By  the  addition  of  b  tr&oe  of  wtňá  ícven  00^  or  H3S)  the 
extent  of  the  dissociation  is  iinniediately  diminished  and  the  soln- 
tion  becomes  coloriesi  again< 

♦The  chniiírr  ní  color  ran  be  explainrd  by  assuming  that  the  phenol- 
phthaleín in  eolurífss  soluticwi  has  tli  ition  of  a  lactone  as  gi\«ii 
above,  whereas  its  n.d  salts  are  the  salt*  of  the  earboxyl  acid 

%yt«  -o 

^C,H4COOH 
The  oolor  ii  then  aoootmted  for  by  the  strongly  ehromophoric  quinoid  com- 
bfex,    (-CA-0).      d    BtieglltS,    .1.    Ani.    Čhem.    Soc,,    2S,   p.    1114.— 

[Tmnalator} 


454 


VOLV  MET RK  AKALY  SIS. 


— Phenolphthaleín  ifl  particularly  suited  for  the  titra 
of  organic  and  ínurganie  acids  and  strong  bases,  but  not  for  the 
titration  of  ammooia, 

If  tlu*  red-colored  solution  containing  phenolphthaleín  ar 
líttle  alkali  ifl  fcreated  With  au  excess  of  mncentrated  alkali  hydrox- 
sohltion,  the  re«Í  0OÍOT  disappears,  but  returos  on  diluting  the 
h  water,     Phenolphthaleín,  therefore,  cannot  be  m 
as  an  indic&tor  fór  the  titration  of  concentrated  alkali  without 
previous  dílutiťjii  with  water, 

Phenolphthaleín  is  the  mo-  i  ve  indicator  we  possess 

ird  ackb,  far  more  sensitive  than  methyl  nrange,  for  in  this 
čase  not  on  I  v  i-an  the  presence  of  weak  acids  be  detected,  but  I 
small  amcjunta  eáfl  be  titrated  with  aceune 

linajy  distilled   vvater  usually  contams  carbon   dioxide,  as 
\ 
can  be  shown  by  slowly  adding  ^-  barium  hydroxide  solution,  drop 

)>>  diop,  to  100  im'.  of  water  t-ontuiuiug  ■  drop  of  the  iudicator 
solution.     Where  the  alkali  first  meets  the  water,  a    red  COiOff  ii 

hiced  whieh  disappears  on  stirring,  so  that  pften  as  much  as 
n.."í  tu  l.s  o  <•  of  the  alkali  must  be  added  before  a  permanent  ted 
color  u  obtaSoed,  The  disappeAiwoeof  the  red  shows  the  pres- 
ence of  acid  (in  this  čase  carborm-  ariďi,  and  its  amount  corre- 
Bg)0Bdfl  h»  the  alkali  neutralized. 

Phoephoric  Acid.—IÍ  a  solution  of  phoephoric  aeid  containing 
phenolphthalcin  is  titrated  with  normál  sodium  hydroxide  solu- 
tidi,  b  permanent  ooforattoti  is  produeed  when  two-thirds  of  tlie 
phoephoric  acid  is  neutralised: 

HtPOi+2Na<  Ul  -=  Xa,íÍP(  >É  f  2H2o. 

\oparently  NajHPO,  reacts  neutral  toward  phenophthalein, 
but  thífl  i>  not  qirite  oorreet,  fof  a  pun  sodituo  phos- 

phaie  is  colored  by  phenolphthaleSjQ  a  pale  pink,  aml  on  diluting 

with  water  the  intensity  of  the  color  inereases  owing  to  progres- 

hydíolyw: 

nru,    Hok^ŇaCH-hŇaHjPO^ 

During  the  titration  of  phosphorie  ačid  with  sodium  hydrox- 
ide, a  pale-p  ibtained  Bomewhal  too  soon,  and  fchiaoolof 
iually  \m  ity  until  finally  a  maximum  i^  reached; 
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the  latter  point  u  taken  as  the  end-point.  It  is  possible  that  this 
hydrolysis  could  be  prevented  by  the  addition  of  a  Jarge  excess  of 
sodiuin  chloruje  and  cooling  to  about  zero  Centigrade. 

Carbonic  Acid. — If  the  solution  of  a  neutral  alkali  carbonate 
is  treated  with  phenolphthaleíri  a  red  color  is  obtained,  showing 
the  presence  of  hydroxyl  ions  iix  the  solution,  €lue  to  hydrolysis: 

Na  Na  ('<  >a+  H  OH*3Ňs  OH+Ňa  ŮOO* 

If  hvdrorhlorie  acid  is  adde<l  to  such  a  solution  which  is  not 
fcOO  dilute  and  is  at  a  temperature  of  0°  C,  deeolorization 
is  eSécted  when  half  of  tibě  sudu  has  been  ncutralized.  At  ordi- 
nary  tempera  tures  a  sharp  end-point  cannot  be  obtained;  the 
color  gradually  íades.  Pure  sodium  bicarbonate  dinsolved  in 
ice-cold  vvater  is  not  cdored  by  the  addition  of  phenolphthalein ; 
if  it  i>  wanned  to  the  temperature  of  the  rooni  it  tums  red,  but 
qú  cooling  the  color  disappears  (Kuster). 

BlBeio  acid  seems  to  be  without  influence  npon  phenolphtha- 
lein, for  alkali  silicates  (the  watcr-glasses)  can  be  titrated  with 
aeeuraey. 

Chroinic  Acid  and  Acid  Chromát  es  are  changed  by  the  addi- 
tion of  alkali  to  neutral  chromates  and  the  latter  háve  no  action 
upnu  pluMiulphthaleíiK 

Alkali  aluminates  can  be  titrated  aeeuratelv  with  this  indicator, 
for  aluminium  hydroxide  docs  not  affect  it. 

AJmost  all  the  prohlems  ínvolved  b  aeidimetry  and  alkalim- 
etrv  ran  be  sol  vet  I  by  the  use  of  o  ne  or  the  other  of  these  two 
indií-ators;  methyl  orange  and  phenolphthalein.  Kor  further 
informatitm  with  regard  to  the  muntless  other  indicators  whíeh 
háve  been  proposed,  the  student  is  referred  tn  íl]aser's  i4Indica- 
toren  der  Acidiinetric  und  Alkalimetrie/'  Wiesbaden,  190L* 

Normál  Solutions, 

For  the  standardizatinn  of  the  Solutions  ušed  in  acidimetry 
and  alkali  metry  ?  a  great  many  diflferent  methods  háve  been  po.- 
posed,  all  of  which  more  or  less  satisfaetorilv  answer  the  purpose. 
It  was  (iay-Lussae  who  first  pro  posed  the  use  of  chemically-pure, 
ealcined  sodium  carbonate^  and    n  simplicity  and  accuracy  this 


43* 


YOLVMETRtC  ANALYSÍS. 


inethod  has  nevěr  been  excelled,  BO  tliat  we  will  content  ourselves 
with  its  description. 

The  chemically-pure  sodium  carbonate  must  forai  a  clear  sólu- 
ťmn  with  water  and  should  contaiu  neither  sulphurie  nor  hydro- 
chloríc  acids.  It  is  possible  to  obtain  the  pure  substance  cmu- 
niercially,  but  as  a  rule  it  must  be  purified.  For  this  purpose 
about  300  gms.  of  crystallized  sodium  carbonate  are  dissolved  in 
2.50  c,c.  of  water  at  25-30°  C,  and  quickly  filtered  into  a  two-liter 
flask  of  léna  giaflB.  After  replacing  the  air  by  carbon  dioxide,* 
the  flask  is  dosed  by  means  of  a  perforated  nibber  Btopper  thmugh 
whch  a  short,  right-angled  glass  tube  is  passed,  and  the  latter  is 
connected  by  nieans  of  a  long  piece  of  nibber  tubing  with  a 
Kipp-carbon  dioxide  generátor*  The  eontents  of  the  flask  are 
shaken  until  no  more  carbon  dioxide  will  be  absorbed ;  this  usu- 
ally  takés  from  half  to  three-quarters  of  an  hour.  In  proportion 
as  carbon  dioxide  is  absorbed,  sodium  bicarbonate  is  deposited. 
The  solution  fa  cooled  to  0°  0.,  while  the  carbon  dioxide  is  conttnu- 
aUy  passed  through  it.  the  thick  mass  of  crystals  is  tmnsferred  to  a 
filter-plate  which  is  cnvered  with  a  piece  of  hardened  filter-paper  and 
sucked  as  drv  as  possible,  The  sodium  bicarbonate  thus  obtained 
often  contains  considerable  chloride  and  sulphate.  It  is  washed 
back  into  the  flask  by  means  of  50  ex.  of  distilled  water  (that  has 
been  cooled  to  03  C.  and  saturated  with  carbon  dioxide),  vigor- 
ously  shaken,  and  the  mother-lifjuor  onc€  umře  removed  by  suc- 
lion,  This  operation  is  repeated  until  finally  3  gnis.  of  the  salt 
will  no  longer  give  the  test  for  chloride*  nr  sulphates. 

The  pure  sodium  bicarbonate  thus  obtained  is  dried  on  the 
water-bath  and  preserved  for  further  use  in  a  tightly-stoppered 
bottle. 

Normál  Hydrochloric  Acid. 

lOOOc.f*.  eofitíiin  1  HU  =  30,46 gms. 
Pure.  concentrated  hvdrochloric  acid  ifi  dihited  until  its  spe- 
cific  gravity  is  about  1.020.  and  in  this  way  a  solution  is  obtained 
that  is  slightiy  umře  than  norma]  in  Btrength.  To  obtain  an  ex- 
actly  normál  eolutíon,  it  is  ti  tratil  against  a  weighed  amount  of 
chemically-pure  sodium  carbonate,  and  from  the  result  obtained 


*Tlie  carbon  dkmde  La  p:issed  through  a  solution  eontaining  sodium 
bicarbonate  belore  it  rcaches  the  flask. 
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the  araount  of  water  to  be  athtecl  can  be  coiuputed.  About  S 
gms.oí  thepuxe,drysodiuni  bicarbonate are  placed  in  a  large  plati- 
num  cntcible,  and  the  latter  is  insertod  ÍD  an  inclined  posititm 
within  a  hole  in  a  piece  of  asbestos  board  and  over  a  small  fláme 
(cf.  p.  277).  The  contents  of  the  crucible  are  stirred  frequently 
with  a  Bboit  piece  of  heavy  platinám  wi»,  and  only  the  bottom  of 
the  crucible  is  heated  to  redness.  The  mass  must  not  be  al- 
lowed  to  sinter  together  oř  fuse,  for  in  that  way  an  appreeiable 
amount  of  the  norma!  carbonate  WOuId  be  decomposed.  After 
heating  for  about  half  an  hour  the  erucible  is  eooled  in  a  desicoa- 
tor,  weighed,  and  to  make  sure  tlmt  a  BDÉfltoat  weight  has  been 
obtained,  the  heating  is  repeated  onee  or  twice  more. 

The  amount  nocttBttiy  to  neutralize  35-40  c..c*  of  normál  acid 
(about  2  pBĚi)  is  weighed  out  froni  a  glass-.stnppered  weighing- 
tube  into  a  beaker,  dissolved  in  about  100  c.c.  of  distilled  water, 
and  enough  methyl  orange-  li  added  (from  5-6  drops)  to  impart  a 
pale-yellow  color  to  the  sol ut ion.  The  hydroehloric  aeid  at  17- 
18*  C.  is  added  from  a  burette,  with  constant  stirring,  until  the 
mlor  of  the  íolution  is  changed  from  yellow  to  orange.  The 
burette  is  then  read  and  a  drop  more  of  the  acid  is  added  to  see 
whether  this  will  produce  apure  pink  color,  If  this  is  not  the  čase, 
more  hydroehloric  acid  ia  added  until  this  point  is  reaehed,  and 
in  this  way  the  number  of  cubic  cent. met ers  of  the  acid  that  are 
required  to  neutralize  the  weighed  amount  of  the  sodinm  carbo- 
nate ifl  detennined.  Assuming  that  for  the  neutralization  of 
2.1132  gms.  of  N&JD09t  39.20  c.c.  of  hydroehloric  acid  were  neces- 
sary,  how  strong  is  the  acid? 

If  the  acid  were  exactly  normál,  according  to  definition  (p. 

Na,C03_  106.10 


423)   1000  c.c.  would  neutralize 


53.05  gms.  of 


2  2 

sodinm  carbonate,  so  that  the  amount  weighed  out  would  require 
for  neutralization 

53.05:104X1  =  2.1 132  :x 
2113.2 

•--Bar**1* 

As,  however,  only  89.20   c.c.  were   MOQBMiy  ii    is  evident  that 

*  It  is  bert  not  to  weigh  out  more  substancí*  t li;&ri  onu  be  titratwl  with 
one  huretteful,  and  not  too  smáli  an  amount  should  be  taken,  for  ín  the  latter 
čase  the  error  in  readmg  ís  too  great. 
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our  solution  is  too  strong,  ainl  for  each  39.20  c.c.  of  the  acid, 
39.83  —  39.20  =  0.63  c.c.  of  water  niust  be  addecl  to  make  it  normál, 
mul  tu  1  liter: 

39.2:0.03=  1000:  % 

630 


39/2 


=  16.07  c.c.  water. 


A  perfectly  dry  liter  flask  is,  therefore,  filled  exactly  to  the 
mark  with  the  acid,  and  16.1  c,c.  of  water  are  added  from  a  burel  ir 
(or  measuring-pipette),  the  solution  Ls  thoroughly  mixed,  and  the 
strength  of  the  solution  is  veiified  by  a  secoiul  titration  with  a 
weiglied  amount  of  sodium  earbonate.  Further,  it  is  to  be  rer- 
ommended  that  the  beginner  shoukl  convince  himself  of  the  accu- 
racy  of  the  result  by  determining  the  amount  of  chlorine  present 
gravimetrically  ifl  silver  chloride.  10  c.c.  of  normál  acíd  yield 
1.4338  gms,  AgCl. 

For  practical  purposes  it  is  quite  unneeessary  to  spend  the 

time  necessary  for  the  preparát  ion  of  an  exactly  normál  Boiuti 

blit  its  normality*  is  detcrmined,  and  If  the  numher  OÍ  cubic  n*nti- 

jueters  ušed  Ls  multiptted  by  this  factor,  the  eorresponding  amount 

of  normál  solution  will  be  obtaiued.     Tlms  in  the  above  čase  39.20 

c.c*  of  acid  were  ušed  to  do  the  work  that  would  require  39.83  c.c. 

39  si! 
of  normál  acid.     The  solution  is,  therefore,  s^W— 1,016  N.    Or, 


'    '  39.20     

if  instead  of  using  40.10  c.c*  it  was  found  that  40.15  c.c.  of  acid 

40  iq 
were  required,  the  solution  would  be -1— =0.9987  N.     Whatever 

the  normality  may  be,  it  is  written  upon  a  label  and  pasted  upon 
the  bottle  rontaining  the  acid. 

For  most  purposes,  a  normál  solution  is  too  strong,  so  that 
A,  |  and  ^V  N  solutions  are  ušed,  Ohviously  a  tenth-normal  solu- 
tion can  be  prepared  by  diluting  KM)  c.c.  of  a  normál  solution  to 
1  liter,  etc. 

N 
ln  order  to  titrate  a  y^  acid  solution  with  sodium  earbonate 

about  0.2  gm.  of  the  salt  is  placed  in  a  wlute  porcelain  dish  and  dis- 
M  »lved  in  50  c.c,  of  water,  methyl  orange  18  added  until  a  pale-yellow 
color  is  obtained,and  acid  is  added  until  the  color  becoines  orange. 


•By  normality  is uuderstood  the  Mat  ion  to  a  normál  solution. 
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The  carbon  dioxide  Ls  then expclled  by  heat  ing  to  boiling,  af  ter  which 
the  solution  ifl  enoled  and  mice  mnre  titrated  nutil  ID  OIBBgě  COk» 
is  obtaincd;  the  BOOOnd  titration  rerpiircs  hut  about  0,1-0.2  c.c. 
more,  but  in  tiiis  way  the  correct  cnd -point  is  obtaincd,  At  ibis 
dilution  the  carbon  dioxide  ex&rta  an  impcreeptible  action  upoD 
the  indicator. 

Normál  Nitric  and  Sulphttric  Acid  Solutions. 

These  are  prepared  in  tlie  samé  way  B8  W»l  d esc ri betl  in  the 
preparation  of  normál  hydrochloric  acicb  The  nitric  acid  is  stand- 
ardized  agaiust  the  pure  sodium  carbonate,  vvhile  the  sulphurie 
acid  Í8  standardized  in  this  way  aiul  ako  graviinetrically  by  precípi- 
tating  a  defínite  volume  with  an  excess  of  barium  chloride.  10  c.c. 
of  aormal  sulphurie  acid  stloukl  yield  1.167  gins.  of  Ba&04, 


—  Oxalic  Acid. 

10 

„wv               *  •    H.CA  +  2H.0     126.06     r  OAO 
1000  c.c.  contain  -a  -'  *   —  -     ^     ■■  6.303  gma. 

An  oxalic  acid  solution  of  this  strength  ean  be  prepared  by 
dissolving  exactly  6,303  gm§,  of  pure,  crystallized  oxalic  acid  in 
water  at  17°.5  and  diluting  to  a  volume  of  1  liter.  The  coni- 
mercial  acid,  however,  must  always  be  purifietL 

The  chief  impuritits  found  in  the  commercial  product  are  cal- 
cium  and  potassium  oxalates.  In  order  to  remove  these  salts,5O0 
gins.  are  dissolved  in  500  c.c.  of  pure,  boiling  hydrochloric  acid 
of  specific  gravity  1.075  in  a  poreelain  .dish.  If  an  insoluble  resi- 
due  should  benbtained,  the  solution  is  filtered  through  a  hot- water 
funncl  and  the  filtráte  rcceived  in  a  poreelain  evaporating-dish, 
tbe  lat  ter  placed  upon  ice  and  OOoled  as  quickly  aa  possible,  The 
fme  rrystals  thus  ubtained  are  placed  in  a  funnel  provided  with  I 
platinum  COTJfl  and  the  HKjther-liífUnr  completely  rernnved  by 
tion.  The  above  process  is  repeated,  and  the  rrystals  obtaíned 
the  eaeond  time  are  washed  with  a  little  iee-cold  water,  re- 
crystallized  three  time-  from  hot  water,  and  their  purít \  tested. 
A  solution  of  2  gms.  of  the  purified  acid  should  give  no  ligo 
of  a  turbidity  with  silver  nitráte,  and  another  portion  of  5  gms. 
should   leave  no   weighable   residue  after  ignition   in  a  wcighed 
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platinum  dish,     After  hftviog  beeo  dried  u  completely  as  pos- 

sible  by  Mietion,  thc  erysta's  are  spread  out  uptm  several  layers 

of  blotting-paper  and  allowed  to  stand  in  the  air  for  several  days; 

they  then  háve  the  formula  H2C2U|+2HjO.    The  strength  of  the 

N 
řolution  is  testetl  by  titration  with  —  sodium  hydroxide  sedu tion  (aee 

N 
p.  44 1)  oř  with  —  potasshwi  pernianganate  sólu  tion  (see  p.  47S), 


Normál  Sodium  Hydroxide  Solution. 

1000  i\c.  íotit:iin  I   XjiOH  ~   \ÚM  §0* 

About  45  gms.  of  the  commercial  caustic  soda  is  rouphly  weighed 
out,  the  carbonate  on  the  surface  is  washed  ofT  as  much  as  gKMÉH 
ble  by  a  stream  of  water  froin  the  wash-bott!e,  and  the  alkali  is 
£88Dlved  ba  a  liter  of  water.  After  the  teniperaturc  has  been 
brought  to  17-18°  C.  about  40  e.e.  of  the  solution  are  measured 
oíT  from  a  burette,  and  titratenl  with  norma!  hydroehloric  ae.id  after 
the  addition  of  a  íew  drops  of  methyl  orange  solution.  The  titra- 
tion is  repeated  severa!  times  with  fresli  ainounts  of  the  sodíutn 
hydroxide  and  from  the  mean  of  the  results  the  amount  of  water 
to  be  added  is  ealeulated.     lf,  for  examph*, 

40  e.e.  XaOH -41.23  e.e.  N.  HC1, 

it  m  evident  that  1.23  c.c.  of  water  must  be  added  to  each  40  c.c. 
of  the  alkali  to  nmke  the  soluťum  exaetly  normál,  and  for  one  Bter 

40:1,23-1000;* 

x=  »  30.75  co.  water. 

4U 

After  the  solution  has  been  diluted  with  water  unti)  it  is  exaetly 

normál,  it  nuist  be  tested  unce  more  with  the  hydroehloric  acid, 

and   from   it   tenth-normal   aiul   fifth-nonnal   hydroxide  suhitions 

ran  be  prepared. 

The  sohitions  rhus  obtained  always  cootafa  carbonate,  so  that 

they  an-  imt  suitable  for  titration  with  phenolphtlialeín,  but  with 

methyl  orange  the  results  obtaineeí  are  the  samé  as  if  atl  of  the 

r    as    the    hydroxide.     With    phenolphthalnn 

arniratc  reBUltfl  can  be  obtained  from  a  boiliníí-hot  solution,  or  by 

preparing  a  solution  of  alkali  ťree  from  etttoaBtai 


NORMÁL   SODIUM  HYDROXIDE  SOLUTION. 
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Titration  of  Alkali  coniaining  Carbonate   with  Phťtiolphthalcín    in 

Hol  Solutions. 

The  alkali  is  meosured  into  a  porcelaln  dish,  a  drop  of  phenol- 
phthaleín  added,  and  hytlrochloric  acid  of  approximately  the  saiur 
Mrcngth  a  run  into  the  solution  until  the  red.  color  disappears. 

The  so!ution  is  then  hcated  to  boiling,  when  the  red  oofaff 
soon  reappears;  it  is  cooled  by  placing  the  dish  in  cold  water,* 
hydíochloric  acid  is  again  added  until  decotorized,  and  the 
process  is  repeated  until  finally  the  red  eolor  does  not  reap- 
pear  on  boiling.     This  method  of  titration  is  tedioua,  but  the 


resxilts  obtained  are  accurate. 


N 
I  >u  titrating  y-r  acids  with  methyl 

orangc  as  indieator,  there  is  no  shar|i  change  from  yellow  to 
pink.  a^  ia  the  eáse  with.  normál  and  lialf-normal  sohitions,  but, 
first  a  browmsh-orange  colnr  is  obtained  which  becomes  pink  on 
the  addition  of  more  acid.  The  correct  end-point  is  the  ehuge 
from  yellow  to  yellowish  brown,  Only  when  considerable  car- 
bonate  is  prescnt  will  this  change  occur  before  enough  acid  hafl 
been  added,  fnr  in  this  čase  the  carbon  dioxide  exerts  an  action 
upon  the  methyl  orunge. 

The  disturbing  action  of  carbon  dioxide  is  best  prevented  by 
first  titrating  in  the  cold.  then  heating  to  boiling  to  remove  the 
carbon  dioxide,  again  titrating  the  cold  solution  with  acid.  If 
only  a  small  amount  of  carbonate  is  present,  it  exerts  no  appre- 
ciable  effect  upon  methyl  orange. 

The  titration  of  oxalic  acid  with  alkali  containing  carbonate 
is  best  effected  with  phenolphthaleín  in  a  bot  solution. 


Preparation  0/  Sodium  Hydroxide  Solution  Free  jrom  Carbonate. 

.  This  is  best  effected  as  proposed  by  Kiister.f  About  40  cc.  of 
pure  aicohol  is  placed  in  a  small  round-bottomed  flask,  heated  to 
boiling  on  the  water-bath,  and  little  by  lit  tle  2.5  gms,  of  bright 
metallic  sodium  are  added,  the  latter  being  fneed  from  petroleum 

*  With  phenolphthaleín  the  titration  can  be  finished  in  the   bot  solu- 
tion, but  the  end-point  is  not  so  sharp. 
tZeit.  f.  anorg  Chein.,  Kt,  VAL 
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by  rubbing  between  pieces  of  blottiitg-paper*  The  reaction  be- 
tween the  boiling  alcohol  and  the 
sodium  is  at  hrst  verv  violent  and 
large  aniounts  of  hydrogen  and 
alcohol  vapors  are  evolved.  Dur- 
ing  tliis  tirne  the  flask  is,  tkere- 
fore,  kept  covered  with  a  wateh- 
glass.  Gradually  the  reaction  be- 
gins  to  diminish  and  finál ly  stope. 
In  the  flask  there  will  be  a  dtipOflit 
of  sodium  alcoholate  and  sumě 
undissolved  sodium  on  account  of 
the  insuíficient  amount  of  alcohol. 
Small  aniounts  of  water  free  from 
carbon  dioxide*  are  now  added, 
a  tcst-tube  full  at  a  time.  The 
alcohol  is  almost  all  boiled  awa\ \ 
and  i  ti  oriícr  to  cmnpletely  reu 
it,  a  ciirrent  of  air  free  from  car- 
bon  dioxide  is  passed  thnmgh  the 
solution  until  the  odor  of  alco- 
hol can  no  longer  be  dotéct  ed. 
The  solution  is  then  quiekly 
cooled  by  the  addition  of  water 
free  from  carbon  dioxide,  imnie- 
diately  placcd  in  a  liter  fia.sk,  and 
diluted  to  the  niark  with  pnre 
Wfete*  at  17-18°  C.  This  solution 
will  give  the  samé  value  when  titrated  with  phennlphthalem  in  a  cold 
solution  as  when  the  latter  is  hot.f  With  methyl  orange  torreet 
ivsults  are  also  ohtained  if  the  orcinge  Oobf  is  takeo  as  the  end-jKiint. 
Such  a  solution  quiekly  absorbs  carbon  dioxide  from  the  air. 
Tn  order  to  prevent  this,  it  is  placed  in  a  bottle  as  shown  in  Fig. 


Fto.  71. 


*  Tina  is  accompliahed  by  hoiling  the*  water  while  a  current  of  air  free 
from  carbon  dioxide  is  pasaed  tli  roupi  i  it. 

t  Provided  the  hydrochloric  ncid  sohu  prepared  with  water  free 

from  carbonate,  otherwise  too  lit  tle  acid  will  be  necessary  when  the  titration 
takés  pláce  in  the  cold. 


BARIUM  HYDROXIDE  SOLUTION. 
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71  which  is  ronnected  withasoda-limetubc.  N,  and  with  thc  burette 
by  mcans  of  the  tubes  p  and  r.  The  burette  is  fillcd  by  BCpieesing 
the  tube  at  ci.  In  this  way  a  solution  can  be  kojit  free  from 
carbon  dioxide  for  a  long  time.  In  order  to  dctermine  whether 
thc  síilution  is  free  from  carbonute,  two  paralhl  titratiuns  are  Hlade 
with  pheiiolphthalein  as  au  Índicutort  one  in  the  OOld  and  ttw 
other  in  the  hot  solution.  If  the  results  agree  the  solution  is  free 
from  carbonate*  Otherwise  tt  is  necessary  cit  her  to  prepare  a  fresh 
solution  OT  to  make  a  corresponding  eorrectinn  in  each  anah 
after  detenuining  the  amount  of  carbonate  prescnt  as  dcscribed 
on  p,  449, 

In  many  cases  it  is  better  to  use  a  ^  normál  barium  hydrox- 
ide solution;  as  long  as  it  remains  clear  it  is  free  from  carbonate. 


Preparation  of  —  Barium  Hydroxide  Solution. 


lOOOc.ccontain 


20 


i:>  .779  gm§. 


The  crystallized  barium  hydroxide  of  eommerce  always  0qq> 

tains  barium  carbonate,  so  that  the  solution  cannot  be  prepared 

by  simply  weighing  out  the  nccossary  amoimt  and  diluting  to  1 

liter,     About  20  gms.  of  the  commcrcial  product  are  dissolved  in 

the  necessary  amount  of  distilled  water  within  a  large  flask.     The 

ftask  is  dosed  and  shakeo  nutil  thc  crvstals  ha  ve  completely  dis- 

appeared    and    a    lighfc,   insoluble    powdcr    of    barium    carbonate 

remains.     The  solution  is  allowed  to  stand  for  two  days,  until  thc 

barium  carbonate  has  com  plet  cly  set  t  led  ,  when  it  is  siphoncd  into 

a  bottle  through  which  a  current  of  air  free  from  carbon  dioxide  has 

been  passed  for  two  hours  previous,  after  which  the  bottle  is  eon- 

nected  with  a  sodadime  tube  and  with  the  burette  u  BhoWD  in 

N 
Fig.   71.      For    the    titration,  50  e.c.  —  hydrochloric    acid    are 

placed  in  an  Erlenmeycr  flask.  a  lit  tle  phcnolphthalein  is  addcd, 
and  the  solution  titrated  by  the  acidit  ion  of  the  barium  hydroxide 
solution.     Thfi  normality  found  should  be  written  upon  the  labeL 

N 

It  is  not  advisable  to  make  the  solution  exactly  — .  for  it  usu- 
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alty  beeomes  turbid  on  dilution. 


VQWMETRIC  ANALYS1S. 


A.  ALKALIMETRY, 
I.  Determination  of  Alkali  Hydroxides. 

Rule, — Tf  the  substance  to  be  analyzed  is  a  solid,  an  accurately 
weighed  amount  is  dissolved  in  enough  water  so  that  the  solution 
is  at  about  the  sanie  eoutTiitration  ts  that  of  the  acid  to  be  n 
in  the  titration,  If,  on  the  otker  band.  a  solution  of  an  alkali 
hydroxide  in  water  ífl  to  be  anály zedt  the  specific  gravity  of  the 
solution  is  determined  by  weighing  m  a  pyrnometer  oř  by  means 
of  an  areonieter,  and  then  diluted  to  the  amount  desired. 


(a)  Deť  dntm   Hydroxide  in  Commerdal 

Cuusíiv  Soda. 

<>H  =  4a06. 

N 
For    the    titration    a  —  hydrochloric  acid    solution    can  be 

N 
l.     Consequently  in   this   čase   an   appmxiniately  —    normál 

BoLution  of  the  alkali  is  prepared.     As  BOd&UXD  hydroxide  absoibs 

water  and  carbon  dioxido.  from  the  air   the  sampJe  for  anály  sis  is 

weighed  out  in  i  tared  waich-glass  and  cttasohred  in  water  to  a 

definite  volume,     After  thoroughly  tmxing  the  solution  a  pipetted 

port  ion  is  treated  wuh  methyl  oiange  and  titrated  in  the  čokl  with 

N 

—  hydrochlono  adcL 

tisifmpte. — 1.6823   říms.   sodium   hydroxide  were  dissolved   in 
1000  c.c,  of  soiutKui  and  25  c.c.  of  the  lat  ten  correspondinp  to 

\ 
0.11656  gm,    s.ulmni     hydroxide,   required  28.66  c«c-  y^    hvdro- 

chloric  acid  for  tieutrftlixatkm. 

Bince  1000  e,c«  of  :     acid  ooneepond  to  4,006  gms  NaOH, 

it  is  evident  that  1  c.c.  —  acid-  ——^  =  0.00400*1  pn.  NaOH,  and 

28.6r.  c  o.       acidcorrwpond  to  o  nu loo6x28,66=0.1148gm  NaOH. 
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This  amount  of  NaOH  was  contained  in  25  c.c.  of  solutinh, 
equivalent  to  0.1166  gm.  of  the  solid  substance,  so  that  the  per 
cent.  of  sodium  hydroxide  present  ean  be  calculated: 


x= 


0.1166:0.1148=  100:* 
1L48 


0.1166 


;  98.49  per  cent.  NaOH. 


(6)  Detemrination  of  Sodium  Hydroxide  Přesetu  in  Cav&tic 
Soda  Sólu t ion. 

N 
For  the  titration  assuine  that  a  —  solution  is  at  hand: 

1000  ux.  =^^  =  20.03  gms.  NaOH. 

The  alkali  solution  to  be  anály  zed  has  a  speeific  gravity  of  1.285 
at  15°  C,  and  by  consulting  the  table  (sec  the  supplement)  we 
find  that  the  sohition  shoukl  contain  25.80  per  cent.  NaOH  by 
weight;  i.e.,  100  gms.  of  the  sohition  shoukl  contain  25.80  gms. 
NaOH.  Usually  instead  of  weighing  out  the  solution  it  is  meas* 
ured  and  the  per  cent.  by  volume  is  computed. 

As  128.5  gms.  of  the  alkali  oceupy  a  volume  of  100  c.c.we  háve 

100:25.8=  138*5:3 

x=33.153  gms.  NaOH  in  100  c.c. 

N 
Now  as  1  liter  of  ■=■  sodium  hydroxide  <<<ntains  20.03  gms.  NaOH, 

we  can  compute  how  much  of  the  alkali  must  be  taken  to  be  di- 

N 
luted  to  1000  c.c.  in  order  to  make  ■  =■  snlution: 

100: 33.153 =x:20.03 

We  measure,  therefore,  60  c.c.  into  a  liter  flask,  d  i  hite  wnth 
water  just  to  the  mark,  shake  thomughly,  and  by  ineans  of  a  pi- 
pette  25  c.c.  of  the  solution  are  removed  and  titrated  with  half- 
normal  acid,  using  methyl  orange  as  an  iudicator. 
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Aflsume  that  25  c.p.  of  the  solittion  require  24.3  c.c.  of  —  acid 

for  neutratí  zation.     As  1000  c.e.  -^  acid  contain  -— —  =  20,03 

grns.  NaOH,  itis  evident   that   1  c.c.  of  the   acid  corresponds 

N 
to  0.02003  gm.  NaOH,   and   24,3  c.c.    T  acid  is  equivalent  to 

0.02003X24.3  =  0.4867  gm.  NaOH. 

25  c.c.  of  the  dilute  alkali,  therefore,  contain  0.4867  gm. 
NaOH,  and  1000  c.c.  of  the  dilute  solution,  oř  00  c.c.  of  the  orig- 
inál alkali,  contain  0.4867X40=19.47  grns.  NaOH,  and  100  c.c.  of 
the  originál  solution  contain 

6G:  19*47=  100:x 
x=  ^ - 32.45  grns.  NaOH, 

In  order  to  obtain  the  per  cent.  by  weight,  this  number  must 
be  divided  by  the  spéci  fic  gravity, 
In  the  assumed  čase  wc  háve: 


L2S5 


-25.25  percent.  NaOH. 


Remark. — The  titration  of  alkali  hydroxides  with  phenol- 
phthaleín  as  an  indicator  will  only  gíve  corrcct  results  when  the 
alkali  hydroxide  18  free  froin  carbonate,  which  with  conimei 
materiál  is  nevěr  the  čase.  The  above  results  are  too  high,  for 
thoy  pepwgent  the  t<»tal  aruount  of  alkali,  Le.  the  amount  of 
NaOII  +  Na^COg,  though  the  latter  is  expresscd  in  ternis  of  NaOH, 
For  an  accurate  delermination  of  alkali  hydroxide  in  the  presence 
of  n  lkali  carbonate,  see  p,  449. 

(c)  Dcť  >n  of  Ammonia  in  Aqueous  Ammonia. 

The  proceduře  is  the  samé  as  under  (6). 

(d)  LhUrmihtition  of  Ammonia  in  Ammonium  Sattff, 

A  weighed  amount  of  the  ammonium  salt  is  placed  in  the 
flask  A"  (Fig.  23,  p.  55),*  dissolved  in  about  200  c.c.  Of  water,  and 

•  Oř  betteCj  tíie  apparatus  showu  iu  Fig.  63,  p.  35S#  may  be  ušed. 
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treated  with  10  c,c.  of  a  boiled  solution  of  10  per  cent  eaustic 

sodu.     The  solution  is  distilled,  and  the  distiHate  reeeived  in  a 

known  amount  of  noniial  acid  in  the  receiver  l\  as  described  on 

p.  55,      The  excess  of  acid  ie  titrated  with  normál  alkali,  using 

methyl  orange  as  an  indicator  and  the  ainmonia  calculated  from 

the  differenee  between  the  amount  of  acid  now  fomid  and  that 

originally  in  the  necivěn 

Bxampte, — The  amount  of  ammonia  in  a  saniple  of  commer- 

ciai  anuiíonium  sulphate  is  to  be  dctcniiined.    As  the  technicaJ 

pruduct  is  nevěr  entirely  pure,  a  large  amount  of  the  substance  is 

weighed  out,  and  for  the  saké  of  conveiiience  this  ean  amount  to 

the  grani-equivalent  of  ammonia,  Le.  17.07  gms.      This  quantity  of 

the  salt  is  dissolved  in  500  c.c.  of  distilled  \vaterr  and  for  the  analy- 

sis,  50  e.Ci  of  this  solution  are  taken  (1.707  guis.  of  salt).    This  is 

placed  in  the  rlask  A'  (Fig.  23,  p.  55),  dilutcd  with  150  c.c.  of  water, 

and  distilled  after  the  addition  of  10  c.c.  of  10  per  cent.  caustic 

soda  solution.    The  distiHate  is  reeeived  in  60  c.c.  of  half-normal 

hydrochlorie  acid,  the  6X0688  of  the  latter  thrated  with  half -normál 

xilkalíj  and  from  the  difference  the  amount  of  ammonia  calculated. 

N 
For  the  titration,  t  c.c.  of  —  alkali  are  iicees.sary;   consequently 

the  amount  of  ammonia  in  1.707  gms.  of  the  substance  neutraJ- 


ized  60 — ť  c.c.  -^  acid 


This  eorresponds  to  (60-0X0.008535  gm. 
NHf  and  in  per  cent. 

1.707:(60-OX0.008535-100:x 

— /^rtrr —  =    -sp  =  per  cent  NHf. 


1.707 


(e)  Titration  of  Pyridine  Buses.     MeÚiod  of  K.  E.  Schulze.* 
1000  CO,  X.  acid -U^N**  79.00  gms.  pyridine. 

The  p}TÍdine  bascs  are  so  weak  that  they  cannot  be  titrated 
with  ordinai  v  indicaiors.  lf,  hnwever,  an  aqueous  pyridine  solu- 
tion  is  treated  with  an  aqueous  Botutiof)  of  ferric  chloride,  the  iron 
is  preeipitated  us  íerrio  hydroxide: 

FeCl3  +  3QH,N  +  8H<  <B  =  3(CftHsN,  HQ)4  I fefl  >II)r 


44» 


ťOLUMETRÍC  ANALYStS. 


Tf  normál  suiphunc  acid  is  verv  carefidiy  added  WÍťh  ronstant 

stirring  until  the  precipitate  redissolveSj  each  cubic  centimetre  of 

C  JI  N 
the  acid  required  wili  oorrespond  to    |T   '"*      0.07008  gm.  pyridine, 

Proceduře. — .5  &c.  of  pyridine  are  dkaolved  in  100  &6.  oř  water, 
25  c,c.  of  the  reaulting  Bolution  are  treated  with  1  c.C.  rf  5  percent. 

íKjiifHius  ferric  chloride  solutum,  and  the  pretápitate  of  reddish- 
browti  ferric  hydroxide  is  titrated  with  DOfma]  sulphuric  acid  until 
completely  dissolved. 

2,  Determination  oř  Alkali  Carbonates, 

Alk:tli  oaxbonates  can  be  titrated  in  thc  cold  by  using  methyl 
orange  as  an  indieator,  the  end-point  bcing  laken  as  the  change 
froiu  yellow  ínto  reddish  orange.  When  fifth-  ,  halí-,  and  normál 
acids  are  uaed  tfaifi  ifl  the  rorrect  end-point,  but  with  tcnth-normai 
acids  l  his  change  is  obtained  a  linie  tOO  900H,  fol  large  amounts  of 
carbonic  acid  cxtTt  a  fllighf  actioii  upon  the  indic&tor.  In  this  čase 
the  difficulty  ifl  best  nvercome  by  titrating  the  solution  until  the 
orange  oolor  i*  obtainedj  thesi  heating  to  boiHcg  to  expel  the  car- 
bolí  dinxide,  cnoling,  and  agairi  titrating  until  the  HOW  jreH 
snlution  beeomes  orange  again.*  With  phenolphthaleín,  aceurate 
n-sults  may  be  obtained  by  titrating  the  bot  .snlution  (tf.  p.  441), 
Accunling  to  Wanler.t  sodium  bicarbonate  snlution  reacts  neu- 
tral  toward  phenolphthaleín  in  the  cold,  ao  that  when  a  samplr  q| 
sodium  carbonate  is  titrated  in  the  cold,  with  phenolphthaleín 
as  an  indieator,  an  end-point  is  obtained  when  the  carbonate  i-, 
ehanged  to  bicarbonate: 

NajCOj  +  Hri  =  NaCl  +  NaHC034 

If  the  acid  is  allowed  to  run  upon  the  carbonate  solution,  a 

part  of  the  carbon  dioxide  froin  the  sodium  bicarbonate  ifl  lost,  ae- 

ding  to  North  and  Lee,§  so  that  too  much  acid  must  l*e  added 

*  Kiister  recommends  ín  titrating  car)  uma  tes  with  mMhvl  orange,  that 
ii  Mank  experiment  bc  nuule  to  see  how  much  eíTect  an  equal  amonní  «4 
WMirr  iftturatcd  with  cartooii  dioxide  has  upon  the  samé  amoLUit  of  indieator 
solution .       ZfMtsrhr.  fůr  anor^.  Obem.,  XIII,  p.  140,) 

t  Zeilaehr.  í   nnalyt.  Cli..  21,  p.  J02. 

%  Zeitaébr.  f,  aaotg.  Ch„  XIII,  p.  HO. 

§  Journ-  Šoc.  Chem.  Ind.,  1902,  p.  32Z 
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befoTe  the  cnd-point  m  reached.  On  the  other  band,  corrrct 
rrsults  may  be  obtained  if  the  tip  of  the  burette  containing  the 
acid  dips  into  the  alkaline  solution.  This  is  important,  for  in 
this  way  a  convenient  method  is  uhtnined  for  deterinining  the 
amount  of  hydroxide  in  the  presence  of  carbonate, 

3.  Determination  of  Alkali    Carbonate  and   Hydroxide  in  the 
Presence  of  one  Another. 

(a)  MethodofC.  Winkkr* 

Of  the  many  methmls  which  háve  been  proposed  for  this  deter- 
mination that  of  Winkler  is  the  1h 

In  one  portion  the  total  anioimt  of  alkali  present  is  dctcrmined 
by  titration  with  acid;  nsing  methyl  orange  as  au  indieator,  and 
the  hydroxide  in  a  second  portion  is  driermined  M  follows:  The 
solution  is  treated  with  barium  chloride  solution,  when  the  follow- 
ing  reaction  také  pláce : 

Na^CO, 4-  BaCI3=  2NaCI  +  BaCO,  (insoluble). 

The  sodium  of  the  carbonate  is  transformed  into  neutral  sodium 
chloride,  while  insoluble  barium  carbonate  is  precípitated  from  the 
solution.  If  the  solution  containing  phcnolphthalein  is  slowly 
titrated  with  hydrochloric  acid  with  eonstant  stirring,  dccoloriza- 
tíon  is  effected  as  soon  as  the  hydroxide  is  neutralized.  The 
amount  of  acid  ušed  eorresponds  to  the  amount  of  hydroxide 
originál ly  prezent. 

Example: 

1.  20  c.e.  (NlrfJfy+  NaOH)  require  T  e.C.  —  acid  for  Xa2C034NaOHf 


2,  20c.c.(Na3(X)3  +  NaOH) 
80  that 


N 
10 


NaOHalone, 


N 


20  c.c,  (1^00,,+  NaOH)  require  T-i  c.c.  ^  acid  for  NajCO,; 

20  cx.  of  the  solution,  therefore,  eontain 

t(a)  fX  0.004006  gm.  NaOH, 
(6)   ( T  - 1)  X  0.005305  gm.  Xa.CO,. 
filmaři.— It  has  been  proposed  to  add  an  excess  of  barium 
chloride  solution  to  the  mixturc  of  alkali  carbonate  and  hydroxide 
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nmtained  in  a  measuring-flask,  then  dilute  to  the  mark,  thoroughly 
mix,  and  filter  through  a  drv  hlter;  for  the  titration  an  aliquot 
part  of  the  filtráte  is  takeiu  This  method,  however,  will  only  gjve 
accurate  HBUltB  when  the  water  ušed  for  the  dikition  i>  absolutety 
frče  froni  carboQ  dioxide,  iod  thifl  will  be  the  base  ordy  when  it 
[l  previously  boiled  with  a  current  of  air  free  from  carbon  dioxide 
passing  through  it.  '  Further,  no  attention  is  paid  to  the  volume 
occupicd  by  the  prccipitated  barium  carbonate,  and  in  the  čase 
of  a  largo  auiount  of  the  latter,  i  eonmdersblfi  error  is  introduced. 
The  method  of  Winkler  dnes  not  háve  these  disadvantages.  Care 
niust  be  takeiu  however,  with  rcganl  to  the  addition  of  the  hydn- 
ehlorie  acid  in  ihc  titration;  imleas  it  is  added  very  slowly  some 
of  the  barium  carbonate  will  be  acted  upon  before  the  end-point 
is  reached, 

(b)  Method  of  R.  B.  Warrftr. 

To  the  cold*  solution  contaiuing  phenolphthaleín,  hydro- 
chloric  acid  is  added  and  the  liquid  is  gentlv  stirred  with  a  gla» 
řod,  Dccolorization  takés  pláce  when  all  of  the  hydroxide  and 
halí  of  the  carbonate  are  neutralized: 

OH  +  HCl  =  NaC]+HA 
Na,CO,+  HC1  =  \a(  3  |  XaIICOf. 

To  the  colorless  solution,  methyl  orange  is  added,  and  the 
solution  U  agitin  titrated  with  acid  until  the  other  half  of  the  car- 
booate  ii  nrutralized.  when  the  solution  tums  pink, 

]f  the  aruount  oť  acid  ušed  for  the  titration  with  phenolphtha- 
leín  i-  repreoented  by  3P,  and  that  necessary  for  the  titration  with 
methyl  orange  by  ř,  then 

2/  c,c.  corresponds  to  the  anmunt  of  carbonate  prcseiit,  and 
T—t  representa  the  amount  of  hvdroxide. 


4,  Determination  of  Alkali  Bicarbonates. 

The  solution  is  titrated  in  the  cold  untii  an  orange  color  is 

oblained  with  methyl  orange,  oř  until  a  coiorless solution  is  obtained 
by  titrating  hot  with  phetinlphthalein. 

♦The  results  are  aceurote  only  wiran  tL(    solution  is  at  0°.    Cf,  Ku-or, 
Zeitschn  f,  anorg.  Chcm.,  XIII,  p.  134  (I 
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5.  Determination  of  Alkali  Carbonates  111  the  Presence  of 
Alkali  Biearbonates. 

(a)  Method  0}  C\  Winkler. 

The  total  alkali  is  deterniined  in  one  portion  by  titration 
with  hydrochloric  acid,  using  methyl  orauge  as  an  indieator,  and 
in  a  sccond  portion  the  amount  of  bicarbonate  is  deterniined  as 
folio  ws : 

A  definite  volume  of  the  solution  is  treated  with  an  e>. 
of  sud  um  1  hydroxide,  by  which  means  the  bicarbonate  is  changed 
to  neulral  carbonate: 

NaHCOa+  NaOH  =  Na,C03+  HaO. 

The  solution  now  eontains  sodium  carbonate  with  the  excess 
of  sodium  hydroxide,  and  the  amount  of  the  latter  is  determinrd 
as  deseribed  uniler  3,  In  other  words,  barium  flfhfaridl  is  addi-d, 
then  phenolphthalein,  and  the  solution  is  titrated  until  colorless. 
The  amount  of  acid  now  ušed  corresponds  to  the  excess  of  sodium 
hydroxide  added,  and  if  this  amount  is  dediiťted  from  the  total 
sodium  hydroxide,  the  corresponding  amount  of  bicarbonate 
will  be  obtained. 

Ezample: 

N 
25  c.c,  NajCOa+NaHCOg  required  T  c.c,  —  acid  for 


10 


Na^CO,*  NaHCO, ; 

N 


25  c.c.  NaaCOs+NaHCOa+T,  c.c.  ^  NaOH  +  BaCl, 


N 
required  í  c.c.  —  acid  for  the  excess  of  NaOH ; 


N 


25  c.c.  Na,C03  +  NaHCO,,  therefore,  require   T,  —  í  c.c.  jň  acid 
for  the  NaHCO,    and    T-^-t)  c.c.  ?L  acid  for  the  Na,CO,. 

25  c.c.  of  the  originál  solution  contain 

(a)  (T,-í)XO.0aS4O6gm.  NaHCO,, 
(6)  (r-T, +  í)X 0.005305  gra.  Na,COr 
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Remark. — In  order  to  make  pure  that  enough  aodiisn  hydrox- 

N 

ide  solution  is  present,  the  samé  amount  of  the  —  alkaJi  is  added 

N 
as   there   were    cubic    ccntimeters   ušed   of  —  aeid  in  the  deter- 

mination  of  the  total  alkali;    in  this  čase,  then,  T-*Tuaad  t.  the 
excess  of  alkali,  corresponds  at  the  samé  time  to  the  aniount  of 
\a  n  )3  present,     The  caustic  alkali  solutkms«  evm  when  o< 
nall  -tu  Gitbonate,  madually  absnrb  ít  from  the  air,  sn  that 

in  every  čase  the  amount  of  carbonate  in  the  alkali  should  be  deter- 
rniiied  before  making  the  above  analysis  and  a  corresponding 
correction  applied  to  the  calculation. 

(b)  Method  of  Warder* 

Using  phenolphthaleín  as  indicator  and  with  the  tip  of  the 
burette  reaching  mto  the  liquid,  the  solution  Li  titrated  with  hydro- 
chloric  aeid  until  colorless,  and  in  this  way  half  of  the  carbonate  is 
dotennined.  Methyl  orange  is  then  added  and  the  solution 
titrated  until  a  pink  color  is  obtained  (it  is  now  unnecessary  ta 
háve  the  tip  of  the  burette  dip  into  the  solution)  and  in  this  way 
the  total  amount  of  the  bicarbonate  together  with  half  of  the  car- 
bonate is  deterniined,  If  t  represents  the  amount  of  aeid  ušed  in 
the  first  titration,  and  T  the  total  amount  ušed,  then: 

2/  c.c.  «»f  actd  correspond  to  the  amount  of  carbonate  and 
(T— 2ť)  c.c.  correspond  to  the  bicarbonate. 


6.  Detennination  of  Alkaline-earth  Hydroxides. 

The  solution  containing  phenolphthaleín  is  titrated  until  color- 


Um, 


7.  Detennination  of  Alkaline-earth  Carbonates. 


The  carbonate  is  dissolved  in  an  excess  of  the  standard  acid, 
boiled  to  remove  the  carbon  dioxide+and  the  excess  of  acid  titrated 
with  alkali,  using  methyl  orange  as  indicator  in  cold  solution. 


*  Cf.  Ain.  Cli.  Ji. um.,  3,  No.  lt  and  Chem.  News,  U 
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8.  Determmation  of  Alkaline-Earth  Oxide  together  with 
Alkaline-Earth  Carbonate. 

Buppose,  for  exámple,  it  is  desired  todeterťoine  the  amount  of 
oxide  Blld  carbonate  in  a  sample  of  "quicklimc/'  The  linu 
brokem  Up  intn  pieces  about  the  size  of  fl  pra.  «\actly  14  gms.  are 
aeeurately  weighed  mít  mul  shikcd  with  boiled  water,  the  paste  Ifl 
uashed  into  a  500 -<-.r,  fhisk  and  diluted  to  the  mark  wltli  water 
frče  frotu  carlum  dioxide,  Aftor  tboTOUghfy  mixing,  50  c.c.  of 
the  tuxbid  liejukl  is  transferred  t<»  a  second  500-6.0.  flask  and 
again  diluted  tu  the  mark, 

Dchrmination  oj  the  Toíal  (nfrntm.—bO  c.c.  (0.14  gm.  of  sub- 

N 
stance)  of  the  last  sólu  lion  are  trcated  with  60  c.c.  of  --  hydro- 

chtorie  acid  and  heated  until  tlieiv  is   nu  further  evolution  of  e:tr- 

bon  dioxide,  the  solution  is  cooled,  and   the  exeess  of  the  acid 

N 
limited  with  —  eaustu-   soda   solution,   using  methyl   orange  as 

au  indicator.     For  this  pnrpose  l  c.c.  of  the  latter  are  requircd; 

nmsequently  60— t  c.c.  •—  acid  were  necessary  to  neutralize  the 

caleium  hydroxide  and  caleium  carbonate  in  the  50  c.c*  of  the 

solution  taken  for  anály- 

Dctenninaíion  of  the  Caleium  Oxide.— A  second  portion  of  the- 

N 
freshly-shaken    solution    is    titrated    with  y^r    hydrochlorie    a<'id 

added  dTop  by  drop  to  the  eold  solution,  using  phenolphthaleín 

as  an  indicator.     Assume  that  ít  c.c,  of  the  acid  were  necessary  to 

neutralize  the  caleium  oxide. 

Consequently,   for   the   neutralization    of   the   CaC08-fCaG  = 

N      .  N 

acid  were  required,  and  for  the  CaO,  tx  c.c. 


For  the  neutralization  of  the  CaCG,,  therefore, 


60  —  /  e*c. 

were  necessary 

X 

60— (í+íj)  c.c.  —  acid  were  necessary. 

50  c.c.  solution  (0.14  grn.  linie)  contain: 

(a)  íiXQ.0028  gni.  OéD| 

(b)  [6lí- (/ -f/JJX 0.005  gm.CaCOi, 


10 


acid 
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and 


xx  = 


0.14  :ť,X  0.0028=  100:  z 

^-^^S  =  2řlPercent.CaO 

0.14:[60-(l+íl)]X0.005-100:xl 
[6Q-q+/1)]X0.5_6Q-«+g 


•*.♦•' 


0.14 


0.28 


per  cent,  CaCO* 


9.  Determination  of  Alkaline-Eartfa  Bicarbonates. 

This  determination  fintls  a  practícal  application  in  the  deter- 
mination of  the  temporary  hardness  of  water. 

TJie  hardness  of  ;t  water  is  raused  by  the  presence  of  alkaline- 
earth  salts,  either  íhose  with  strong  aeids  (CaS04>  MgClj)  oř  bicar- 
bonates. A  han  i  water  is  recognized  by  the  fact  that  it  gives 
with  a  elear  soap  solution  a  turbidity  oř  even  a  precipitate,  and 
considerable  soap  must  be  added  before  a  lather  is  obtained  on 
shakiug.  As  in  a  majorit)  of  caaefl  ealdmn  salts,  and  in  fact 
calciujn  bicarbonate,  predominates  in  such  a  solution,  its  hard- 
ness is  usually  expressed  in  parts  of  calcium  carbonate  (or  calcium 
oxide)  in  100,U0U  parts  of  water, 

If  the  solution  contains  1  part  of  calcium  carbonate  in  100,000 
parts  of  water  it  is  said  to  possess  one  degrec  of  hardness  (Freneh ) : 
if  such  a  water  contains  n  parts  of  CaCO,  in  the  samé  quantity  of 
water  it  possesses  n  degrees  of  hardness.  In  Germany  the  hard- 
ness is  expressed  in  parts  of  CaO  per  100,000  parts  of  water,  while 
in  England  the  hardness  is  expressed  in  grains  of  calcium  carbon- 
ate per  gallon,  When  magnesium  salts  are  present,  these  are 
expressed  in  terms  of  the  equivalent  amounts  of  CaCOa  or  Cm  K 
The  error  ca  ušed  by  this  assumption  is  not  great,  for  the  amount 
of  magnesium  present  is  usually  small  compared  with  the  amount 
of  calcium,  If  a  water  containing  calcium  bicarbonate  and  cal- 
cium sulpliítte  is  heated  to  boiling,  the  foraier  is  decomposed  with 
the  precipitation  of  calcium  carbonate, 

CaC03.H2COs  =  H20+ CO,-h  CaCG8, 

while  the  calcium  sulphate  remains  in  solution.     In  other  words, 
the  hardnen  produeed  t>y  the  presence  of   alkaline-earth  bicar- 
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bonates  disappears  on  boiling,  and  is  designated,  therefore,  aa 
"temporary  hardness"  to  distinguish  it  from  "permanent  hard- 
ness," which  is  usually  caused  by  alkaline-earth  salts  of  the 
stronger  ackls,  usually  calcium  sulphate.  The  sum  of  the  tem- 
porary and  permanent  hardness  of  a  water  represents  the  total 
hardness. 

Accordtng  to  C.  Hehner,  the  temporary  as  well  as  permanent 
hardness  may  be  determined  accurately  by  au  alkabnietric  process. 

(a)  Determination  of  Temporartf  líardncss. 

100  c.c,  of  the  water  to  be  examined  are  placed  in  a  white  por- 
celain  evaporating-dioh,  a  few  drops  of  methyl  orange  are  added 

N 

and  the  solution  is  titrated  with  —  hydrochloric  acid  until  the 

first  change  from  yellow  to  orange  takés  pláce.     From  the  ammmt 
of  hydrochloric  acid  ušed  the  amount  of  calcium  carbonate  present 
is  calculated. 
Example: 

N 
100  c.c.  water  required  2.5  c.c,  —  hydrochloric  acid. 

N  CaCO 

As  1000  c.c.  —  hydrochloric  acid  neutralize     on  a  ^  5  gms.  CaCO,, 

N 
1  c.c.  rjr  hydrochloric  acid  will  neutralize  0-005  gm.  CaCOa  and 

N 
2.5  c.c.  of  —  hydrochloric  acid  corresponds  to  0.005X 2.5=0.0125 

gm,  CaCOr 

Then  if  100  c.c.  of  water  contain  0.0125  gm,  CaCOt,  100,000  c.c. 
of  water  will  contain  12*8  gtDft.  CaCOt. 

The  hardness  of  the  water  corresponds  to  12.5  French  degreeft. 
or  as 

CaC09 :  CaO 

100  :  56  =  12.5 :x 

56X12.5 


**■« 


100 


=  0.56X12.5  =  7,0  German  degrees. 
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{&)  Deternúnation  of  tíie  Permanent  Ifardness. 

Another  portíon  of  100  c.c,  oř  the  water  is  treated  with  au 

N 
excess    of   y^    sodium    carbonate    solutkm,   evaporated    oo    the 

water-balli  to  dryness,  and  taken  up  in  a  little  freshly-boiled, 

distilled  water.     The  residue  is  filtercd  and  waahed  four  ttmefl 

with  bot  water,  while  the  filtráte  is  allowed  to  COOl  atxd  afterwards 

N 
titrated  with  — ^  hydrochloric  acid.     If  theamount  of  hydroeliloric 

acid  ušed  for  the  titration  is  deducted  from  the  total  amount  ci 

Bodium  carbonate  addcd  to  the  water,  the  difference  represents  the 

amount  of  sodiurn  carbonate  roquired  for  the  precipitation  of  the 

alkaline-eurth  salts  of  the  strong  acids. 

N 
Example— 100  c.c,  of  water +10  c.c.  —  NajCO,  were  evapo- 

ratcd  to  dryness,  the  residue  extracted  with  water,  and  the  filtráte 

titrated  with  —  hydrochloric  acid;    this  required  8.7  c.c.  of  HQ, 

CYmsequently,    for    the    precipitation    of    the    calcium    sulphate 

X 
10  —  8.7  =  1.3    c.c.    — Na2COa      were     neeessary,    which    conc- 

sponds   to 

1.3x0.005-0.006,5  gm.  CaC03  per  100  c.c.  water  and 
6.5  gms.  CaCOs  per  100,000  o.C.  water. 

The  permanent  hardness  amounts  to  tJi  French  degrees  oř 
0.5x0.56=3.64  Gennan  degrees. 

Remark.—Tbe  above  metbods  of  Hehner  for  the  deteraiina- 
tion  of  hardneafl  wili  give  reliable  reettita  oníy  when  the  water 
contains  no  alkali  carbonaies  in  soLuiiom  as  is  usually  the  čase 
wiih  drmkmg-waters.  For  the  detennination  of  the  amount 
of  alkaline  carth  present  in  many  tninmit  waters  it  is  obvious 
that  these  methods  catinot  be  ušed. 

Detennination  of  Alkaline-earth  Salts  of  Strong  Acids. 

The  detennination  is  practieully  tlít-  BBine  ftfl  Waa  indicated 
above.     The  alkaiine-earth  salt   is  precipitated  by  means  of  an 
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excess  of  titrated  sodrum  carbonate  solution,  and  after  filtration 
the  excess  of  the  latter  is  determined  by  titratin*r  back  with  acid. 

Proceduře*— A  solution  oontaining  calcium  chloride  and  hydro* 
chloric  acid  is  to  be  analyzed.  It  is  placed  IQ  a  measuriiig-flask, 
treated  with  a  few  drops  of  methyl  oratige  and  with  sodium 
hydroxide  solution  until  the  neutral  jxjint  is  reaehed,  after  which 
an  accurately  mcusund  amount  of  sodium  carbonate  solution  is 
addcd.  The  solution  is  heated  until  the  prccipitated  calchmi 
carbonate  becomes  erystalline,  allowcil  to  cool,  diluted  up  to  the 
mark,  raixcd,  íiltered  through  a  drv  fiher,  and  the  excess  of  sodium 
carbonate  titrated  in  an  aliquot  part  of  the  filtráte.  From  the 
amount  of  sodium  carbonate  required  for  the  prccipitation  of  the 
calcium  the  amount  of  the  metal  can  be  calculated. 

Ifrmark. — Other  metals  whirh  are  precipitated  by  sodium  car- 
bonate can  be  determined  in  this  way. 

B.  AC1DIMETRY. 

Acids  are  determined  cit  her  by  títralion  with  standard  alkali 
solution  or  a  known  amount  of  the  latter  is  added  and  the  excess 
titrated  with  standard  acid,  The  latter  method  requires  more 
burette  readings  and  is,  therefore,  less  satisfactory  than  the 
fonner. 

Determination  of  the  Acid  Contents  of  Dilute  Minerál  Acids 
(HC1,  HNO„  H.SOJ. 

The  specific  ^ravity  of  the  acid  is  determined  by  means  of  an 
arconieter  and  from  the  tables  in  the  back  of  this  book  the  approx- 
imate  amount  of  acid  present  is  determined.  A  weighetl  amount 
of  the  acid  is  then  diluted  so  that  the  solution  will  háve  approxi- 
mately  the  samé  conccntration  as  that  of  the  alkali  to  l>e  ušed 
for  the  titratiom     It  is  anály zed  by  one  of  the  followiiig  methods: 

1.  An  aceuratcly-measum!  port  ion  of  the  diluted  acid  {20  to 
25  c.c.)  is  placed  in  a  beaker,  methyl  orange  b  added,  and  tfae 
solution  is  titrated  with  sodium  hydroxide  solution  until  a  yellow 
color  is  obtaincd. 

2.  The  dilute  solution  to  be  mialvzed  is  placed  in  a  burette, 
and  with  it  a  definite  amount  of  normál  alkali  is  titrated. 
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N 
3.    A  definite  volume  of  the  diluted  acid  is  titrated  with  —r 

Ba(OH)3  solution  oř  with  sodium  hydroxide  free  from  carbonate, 
using  phenolphthaleín  as  an  indicator.* 

N 
Ezample. — For  the  anály  sis  —  NaOH  is  at  band. 

The  hydrochloric  aeid  to  be  anály  zed  had  at  15°  C.  a  speciřic 
gravity  of  1.122,  corresponding  to  about  24  per  cent.  HC1  by 
weight, 

1000  c.c.  —  sodium  hydroxide  are  equivalent  to  — — = — —  = 

N 
« 18.23  gms.  HG,  and  100  c.c,  —  NaOH  neutralize  1.823  gms.HCl. 

Consequently 

100:24-  x:  1.823 

x=— 5-^-  =  7.595  gms.  of  the  above  acid 

N 
would  be  required  to  make  100  c.c.  of  —  acid,  if  it  contained  exactly 

24  per  cent.  HCI.     About  this  quantity  (say  8  gms.)  is,  therefore, 

weighed  out,  and  as  the  specifie  gravity  of  the  solution  is  1.122, 

8 
this  will  require         9=  7.1  c.c.     About  7  c.c.  of  the  acid  are  ptaced 

in  a  tared,  glass-stoppered  weighing-tube,  the  tube  and  its  con- 
taBtl  weighod,  the  latter  washed  into  a  100-c.c.  measuring-flask 
and  diluted  with  distilled  water  up  to  the  mark.  Afíer  thoroughly 
mixing,  25  ex.  of  the  acid  are  measured  oíT  and  anály  zed  by  one 
of  the  above  methbdfi,  Assume  that  the  originál  weight  of  the  acid 
amounted  to  7.9023  gOUB.  and  that  25  c.c.  of  the  diluted  acid  re- 

\ 
quired  25.S0  c.c,  of  —  alkali,  then  100  c.c.  would  require  25.80X4= 

N 
103.2  c.c.  of~  alkali,  corresponding  to   103.2x0.01*23=1.- 


♦  When  pheraolphthalťňn  is  usť*d  as  an  indteator  in  eold  solutiona  the 
acids  must  be  dilute  with  water  free  froni  earbonate. 
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gins,  HCI  and  in  per  cent. 


7.962:1.881 
188.1 


7,962 


100:x 

23.6  per  cent.  HCI. 


Remark. — Instead  of  weighing  out  the  acid  for  the  analysis, 
it  can  be  measured  and  from  the  per  cent.  by  volume  found  the 
per  cent,  by  weight  calculated.  As,  however,  the  specific  grav- 
ity  as  determined  by  an  areometex  is  not  very  accurate,  it  is  hetter 
to  weigh  the  acid.* 

Analysis  of  Commercial  Hydrous  Stannic  Chloride. 

Sijmnie  chloride,  as  ušed  for  a  mordant  in  dyeing,  is  obtained 
as  the  solid  salt  ŠnCl<  +  5H,Gř  oř  in  a  concentrated  aqueous  solu- 
tion  of  about  50°  Bé, 

The  latter  is  obtained  by  dissolving  metallie  tin  in  hydro- 
chloric  acid  and  oxidizing  the  stannous  chloride  formed  either 
with  potassiuni  chlorate  oř  potassium  nitráte,  The  preparát  ion 
should  contain  no  free  acid,  especially  nitric  acid,  no  stannous 
chloride,  and  no  iron,  Thr  substance  is,  therefore,  tested  quali- 
tatively  for  these  substances  as  follows : 

For  stannous  chloride,  by  dissolving  in  water  (oř  diluting  the 
concentrated  solution)  und  adding  mercurie  chloride;  a  white 
precipitatc  of  mercurous  chloride  shows  the  presence  of  bi valen t 
tin. 

For  nitric  acid,  by  means  of  ferrous  sulphate  and  concentrated 
sídphuric  acid. 

For  sulphuric  acid  (caused  by  the  use  of  impure  hydrochloric 
acid  in  the  preparát  ion  of  the  salt)  with  barium  chloride. 

For  iron,  with  potassium  sulpbocyanate. 

The  solid  salt  SnCl<+5H20,  made  by  treating  anhydrous 
stannic  chloride  with  the  calculated  aniount  of  water,  is  almost 
ahvays  found  to  be  vety  pure. 

*  If  the  specific  gravity  of  the  acid  is  taken  with  ■  pycnometer,  using 
all  neccsaary  preeautions  (cf.  Kohlrausch,  Leitfaden  der  praktischen  l'hv 
it  is  a  inatter  of  indiffereoce  whether  the  acid  ušed  for  the  analysis  is  weighed 
oř  measured. 
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The  gravimetric  determination,of  both  the  tin  and  the  chlo- 
rine  has  heen  described  on  p.  243,  but  here  will  1>e  given  ainethod 
fot  dětem  lining  the  amount  of  the  latter  vnlumetrieally. 

Ií  stannic  chloride  is  diluted  with  water,  the  salt  ís  hydro- 
lytically  decomposed,  and  the  solution  reacts  acid: 

SnCl.-h  4HOH  pi  Sn(OH)4+  4HC1. 


Consequently  if  methyl  oranže  is  added  to  the  diluted  solu- 
tion, the  amount  of  acid  may  be  titrated  with  caustic  soda  solu- 
tion, and  from  the  amount  ušed  the  chlorine  conibined  with  the 
tin  can  bc  caleulated,  provided  no  other  acid  is  proseni.  If  the 
stannic  chlorid*  was  prepared  by  oxidation  with  poiassium 
rtilurate  oř  nitráte,*  the  solution  will  also  contain  chlorine  e 
bined  with  potassium.  The  total  chlorine  can  be  deterniined  by 
adding  a  few  dropa  of  netitral  patassium  chromáte  solution  to 
the  solution  which  has  been  tittated  With  sodium  hydroxide,  and 
titrating  witli  silver  nitráte  solution.  If  in  this  way  more  chlo- 
rine  is  found  than  corresponds  to  the  amount  of  hydrochiorie 
acid  neut ralized  by  the  alkali,  the  differenee  is  expressed  in  terms 
of  potassium  chloride.  If ,  on  the  other  hand,  less  cidorine  is  found, 
the  preft  mne  otbes  acid  in  the  tin  solution  is  assured. 

To  íUustrata  tha  fteeimcy  of  such  an  analysis,  the  following 
results  will  be  given:  A  sample  of  solid  stannic  chloride 
(jBnClj 4-  511,0)  was  analyzed  gravimetrieally,  u  described  on 
p.  243.  It  was  funnd  to  contain  42,02  per  cent,  of  chlorine  and 
3  L73  per  cent.  of  tin. 

Twu  portions  were  then  analyzed  volumetrieally  by  titration 

first  with  BodiuiD  hydroxide  and  then  with  silver  nitráte; 

N 
A.  0.8533  grn.  of   tin    salt    reojmvl   20,06  c.c.  -»  sodium  hy- 


N 
droxide  and  20*34  C.c.  *■  silver  nitráte. 


Afl  1  c.c.  —  tóution  corre- 

\ 

sponds  to  0.01773  gm.  of  chlorine,  it  is  e viděn t  that  20,06  c.c.  — 


*  The  potassium  nitráte  is  acted  upon  by  the  excess  of  hydrocMori. 
prescnl  fonnlng  the  chloride,  ami  the  excessof  the  acid  isaftcrwani-  n-ninved 
evEpotmtioo  m  much  as  poesible. 
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sodium  hydroxide  represent  20.06X0.01773  =  0,3550  gin.  rhlnrine 

X 

or  41.67  per  cent,  Cl,  and  20.34  c.c.  -^  silver  solution  show  20.34X 

€.01773  =  0.3605  or  42.26  per  cent,  (1 

X 

R.  0.S3S3  gm.  of  ťm  salt  required  19,79  c.c.  — -  Bodium  hydroxide 

N  X 

and  19.92  c.c.  —  silver  nitráte.    19.79  c.e,  —   sodium   hydroxide 

represent  19.79  X  0.01773  -  0.3508  gm.  chlurineor  41.84  per  cent.  Cl. 

N 
19.92   c.c.  -j  silver    solution    show   19.92X0.01773-0.3531    gin. 

m 

chlorine  oř  42.12  per  cent.  CL 

The  above  analysis  shows  that  the  tin  salt  was  practically  free 
froin  potussium  chloride  by  the  comparative  agroeniont  of  the 
IGBUlfe  ohtained  by  titration  with  sodium  hydroxide  with  those  of 
the  silver  nitráte  titration.  In  lbe  absence  of  free  hydrochloric 
acid,  the  tin  can  be  determincd  froni  the  amount  of  chlorine  found- 

4C1        Sn 
141.80:118.5  =  41.75  *:x 

£—34,89  per  cent.  tin,  instead  of  34.73  per  cent.  as  found  gravi- 
metrio&Uy. 

Rrmark.—It  is  only  permissible  to  compute  the  amomit  of  tin 
present  from  the  amount  of  chlorine  found  by  titratinn  uhni 
thore  is  no  free  hydroehlorir  icid  present,  It  is  ucvcr  possible 
to  knnw  whether  this  is  the  čase  or  not,  so  that  the  volurnetric 
detennination  is  only  useful  as  a  chcek  upon  the  gravimetric 
met  hod. 

Determination  of  the  Acid  Contents  of  Fumiog  Acids. 

lipidy  concentrated  acids  must  be  always  traghed  and  not 
inrnsurnt,  in  onler  to  avoid  kw  bj  ovaporatiom  The  WStghlIlg 
is  best  aceomplished  by  means  uf  the  Lunge-Rey  pipette,  shown 
in  Fig.  72. 

*  41,75  is  the  metra  of  the  values  ohtnin*ad  bv  titration  with  a  lkali. 
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The  lower  tube  is  removed,  J  c.c.  of  water  is  placed  within 
it,  and  this  is  weighed  together  with  the  dry  upper  pipette,  but  the 
two  parts  areleft  uiiconneeted.  The  lower  Btop-eook  kfl  elofied,  the 
upper  one  opened,  and  a  slight  vacuum  is  prodneed 
in  the  bulb  by  sucking  through  the  upper  tube  and 
then  closing  the  fftop-eock,  The  drv  point  of  the 
pipette  is  dow  introduced  tuto  the  fuming  acid 
{in  the  čase  of  solid  pyrosulphiiric  acid  it  is  first 
Equefied  by  wamiing  slight  Iv)  and  the  lower  stop- 
cock  is  opened.  As  soon  as  the  widened  part.  of  the 
pipette  below  the  lower  bulb  is  \  to  j  full,  the  stop- 
cock  is  dosed,  taking  care  that  none  of  the  liquid 
reaches  up  to  it. 

The  acid  on  the  outside  of  the  pipette  is  care- 
fully  wiped  off  with  filter-paper;  the  two  parte  of  the 
pipette  are  now  eonnected  for  the  first  time  and 
again  weighed.  The  amount  of  acid  taken  for  the 
anály  sis  shoukl  amount  to  froni  0.5  to  1  gni.  The 
point  of  the  pipette  is  then  dipped  into  about 
100  c*c.  of  distilled  water  contained  in  a  beaker. 
and,  by  opening  first  the  upper  stop-eock  and  then 
the  lower,  the  acid  is  allowred  to  run  into  the  water.  The  amount 
remaining  in  the  two  parts  of  the  pipette  is  also  washed  into  the 
beaker. 

If  the  acid  to  be  analyzed  is  hydrochloric  oř  sulphuric  acid, 
methyl  orange  is  adiled  and  the  solution  is  titrated  with  a  half- 
normal  sodium  hydroxide-  If  it  is  nitric  acid,  au  excess  of  sodium 
hydroxide  is  first  added,  then  a  little  methyl  orange,  and  the  titra- 

N 

tion  is  completed  with  —  hydrochloric  acid**     VYhen  one  of  the 

above  pipettes  is  not  available,  the  weighing  out  of  the  sample 
for  analysis  can  be  effected  as  follows:  A  thinwalled  bulb  with 
about  1  C»C.  capacity  is  blown  hetwecn  two  ends  of  capillary  lubing. 
After  weighing,  the  upper  piece  of  capillary  tubing  is  eoonected 
with  a  email,  ordinary  pipette,  at  the  cnds  <>t  which  are  attached 


Fio.  72. 


♦  In  this  way  the  actiun  of  the  ever-present  nitrous  acid  upoii  the  ir.di 
r  is  nvoided. 
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pieces  of  rubber  tubing,  and  the  latter  are  closed  with  pinch-cocks. 
The  buJb  is  filled  as  f ollou  | : 

The  lower  pinch-cock  is  dosed,  the  upper  nne  opened,  and  a 
vacuum  produced  by  sueking  through  the  upper  tube  and  then 
closing  the  pinch-cock.  The  lower  point  of  the  weighed  tuho  is 
introduced  into  the  acid  and  the  lower  pinch-cock  opened.  When 
the  smáli  bulb  is  one-third  full  the  pinch-cock  is  closed,  the  upper 
end  of  the  capillary  tubing  is  melted  together,  and,  after  wiping 
off  the  acid  from  the  outsíde,  the  lower  end  is  likewise  sealed, 
and  the  bulb  weighed.  About  100  c.c.  of  water  are  placed  in  a 
flask  with  a  dosely  fitting  ground-glass  stopper,  the  weighed  bulb 
is  thrown  in,  and  ít  is  broken  by  shaking.  In  this  wav  the  very 
strongest,  fuming  sulphuric  acitl  can  be  dissolved  in  water  with- 
out  loss.  On  the  other  hand,  the  pipette  shown  in  Fig.  72  is  not 
so  good  for  the  weíghing  out  of  an  acid  containing  70  per  cent,  oř 
more  of  S03.  If  the  acid  is  not  too  concentrated,  this  bulb  may 
be  emptied  as  was  deseribed  for  the  pipette. 

Foff  the  analysis  of  the  solid  anhydride,  Stroof  plaees  a  little 
in  a  dry  weighing  tube,  and  concentrated  sulphuric  acid  of  known 
strength  is  added  until  a  fuming  acid  of  about  70  per  cent,  SOa 
is  obtained.  To  effect  solution,  the  mbeture  is  warnied  to  about 
30°  to  40°  C.  in  a  loosely  stoppered  bottle*  The  acid  thus 
obtained  is  analyzed  as  above. 

Computation  of  the  SOs  Contents  of  a  Fuming  Sulphuric  Acid, 


The  above  titration  gives  not  only  the  sulphuric  anhydride 
present,  but  also  the  never-failing  S02.  In  a  separate  portion, 
therefore,  the  aniount  of  the  latter  is  deterniined  by  titration 

N 

with  a  *—  iodine  solution  (see  Iodimetry),  &n  eqtiivalent  amount 

is  subtracted  from  the  total  amount  of  sodium  hydroxide  nsed, 
and  from  the  differcnce  the  total  S03  preflent  is  cornputcd. 

With  regard  to  the  S03,  the  folio wing  reactions  také  pláce 
during  the  titrations: 

H3SO,+  NaOH  =  NaH80a+H2O 
H3SO,+H20+2I  =  2HI+HJSOi 
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It  is  to  be  noted  111  the  first  reaction  that,  although  sulphurous 

acid  is  a  díbasic  acid,  the  end-pnini  is  rcached,  with  methyl  orange 

as  an  indicator,  when  the  first  hytírogen  atom  has  beeo  nentrahsced. 

From  the  twu  equations,  then,  it  is  evident  that  2  gin.  atoms  of 

v 
iodine  are  equi  valen  t  to  1  gm.  molecule  of  NaOH,  oř  1  c.c.  -^r  iodine 

N 
solní  ion  is  equivalent  to  J  c.c.  -r~  sodium  hydroxide, 

N  N 

Since,  in  generál,  5  c.c.  -rrr  sólu t ion  —  1  c.c.—  solution,  then 

1  c.c.  ttj  solution=-t  c.c.  —  solution, 

N  N 

and  in  the  given  čase  1  c.c.  ^j  iodine-*  tV  c.c.  ~o  sodium  hydroxide; 


10 


N 


so  that  if  T  c.c.  -^  alkali  were  ušed  in  the  first  titration  of  the 

m 

N 
total  acid  preeent,  and  í  c.c.  of  -ttt  iodine  solution  for  the  oxidation 

J.U 

of  the  sulphurous  acid,  it  is  plam  that  IT— -rrr  represents  the  amount 

of  alkali  necessary  for  the  neutralization  of  the  total  sulphuric  acid. 
The  SOj  is  dstermined  by  an  indirect  anály  sis. 
We  wiU  assume  that  the  fuming  acid  consisted  of 

H*S04-x 


100 
then  100— a=x+y. 

In  order  to  determine  x  and  y  a  second  equation  is  necessary, 
and  this  is  found  from  the  titration  of  the  total  sulphuric  acid. 
Assume  that,  after  the  deductinn  cnrresponding  to  the  amount  of 
SOa  has  been  made,  the  total  amount  of  H,SO#  was  found  to  be 
p  per  cent.,  then; 

1.  x+  y   =l00-a 

2.  x+my=*  p 

tri  —  1 
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and 


x- 1 00  -  (a + y)  =  per  cent.  H2SO« 


Xneqxmtion2f      m= 


HZSQ4^  98.08 
60*      80.00 


=  1.2251 


t»-t-0.2251 


Ezamplc* — 3*5562  gms.  of  fuming  acid  were  dihited  to  500  c.c.# 

and  of  this  amount  100  e.c.=  0.7112  gm.  were  taken  for  analysis. 

N 
L    100    c.c.   required   5.40   c.c.    —  iodine  =  5.4  X 0.003203  = 

0.01730  gm.  SOa=2.43  per  cent  SQ3=a. 

'     N 
2.  100  c.c.  required  34,40  c.c.  —  sodium  hydroxide. 

From  the  latter  must  bq  dedueted  0.54  c.c.  to  correspond  to 
the  amount  of  alkali  necessary  for  the  S03,     34.40—0.54  —  33.86  c.c, 

33,86x0.02452-0.8305  gm.  H2SO<- 116.7  per  cent.=p. 

If  these  values  are  Introduced  in  the  above    equations  we 
obtain 

119.16-100     19.16 


and 


0.2251      -0.225Ís85*U  **  C*nt'  ^ 
*- 100  -(85.1 1  +  2,43)=  12.46  per  cent.  H^CV 
The  acid  contains,  therefore: 

HjSO,-   12.46 1 
SOs=  85.11 
SO,=     2,43 

100.00 


*  Lunge,  Zeitechr,  f.  angew,  Ch.ř  1895.  p,  221, 

t  Like  all  indirect  analyaes,  the  result*  nfatifaH  are  not  ahsolutely  accu- 
rate.      Alinost  all  íuming  acids  eontain  solid  eonstituents  which  are  | 
lected  in  ilu*  ibove  calrulation,     It  would  be  more  aceurate  to  detennih  1 
the  ainount  of  the  latter  in  a  separate  port  i  on,  by  weighing  the  residue  cn 
ignition. 
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Preparation  of  Concentrated  Sulphuric  Acid  Mixtures  (M.  Gerster.) 

It  ia  often  aeccamy  to  prepare  funiing  sulphuric  acid  of 
definite  conccntratioii, 

Given : 

(a)    Fuming  sulphuric  acid  (A)  with  a  per  cent,  frče  S0a, 

(6)  íSulphuric  acid  (B)  with  c  per  cent,  H^SO*  and  100— c  per 
ivnL  water. 

A  funiing  acid  containing  b  per  cent,  free  S0S  is  desired. 

To  obtain  the  latter,  100  gmg,  of  thc  acid  A  are  mixed  with 
x  gmn.  of  the  acid  B«  It  UťUSl  be  ivmcmbercd,  however,  that  the 
water  in  the  acid  B  requires  S0|  in  order  to  fonn  100  per  cent. 

HaO+SOf-Hf80tfi 

The  acid  B  requires  for  the  water  present  in  each  100  gnn 
H,O:SOj=(100-c):y 
(100-c)SOs    ( 100 -c)  80.06 


V 


H,0 


18.02 


4.44  (100-c)  gms.  SO,, 


If   100  gms.  of  the  acid  Breqiiire  4.44  (100— c)  gms.  S0t  from  At 
then 
x  gms.  of  the  acid  B  require  0.0444  (100— c)  x  gms,  SOt  from  A* 

Now 

A+B 
(100+x):[a-0X)444(I00-c)x]«  100:6 

WO(a-b) 


444+ b- 4.44  c 


gms.  of  B. 


Example. — The  fuming  acid  A  contains  25,5  per  cent,  free 
80,-a. 

Sulphuric  acid  B  contains  9S/2  per  cent*  HaSG4=*c. 

The  acid  desired  is  to  cnntain  UM)  per  cent.  80.,= 6. 

If  these  values  are  inserted  ín  the  above  equations,  we  obtain 

100(28.5-19.0)         650    _,_  n„    _ 

*~444+  19-4MX9S2-  &-&&&*-*&»«  B. 
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We  must  add,  therefore,  24.07  grag,  of  the  98.2  per  cent.  pulphuric 
acid  to  100  grns.  of  the  funiing  acid  in  order  to  obtain  an  acid 
eontaining  19.0  per  cent.  of  free  S0a. 

Titration  of  Hydroxylamme  Salts. 

Hydroxylamine  hydrocliloride  reacts  neutral  lowards  methyl 
oranže  and  acid  towards  phenolpht  halenu  If  the  latter  is  added 
to  an  aqueous  solution  of  the  salt,  and  the  titration  is  made  with 

tjj  alkali,  the  end-point  will  be  obtained  when  the  total  amount  of 

acid  present  hafl  been  neutralized  by  the  alkali,     It  is  impossible 

to  determine  the  amount  of  free  hydrochloric  acid  present 
when  phenolphthaleín  is  nsedt  but  it  can  be  doně  with  methyl 
orange.      Rómi j  11  *  recoiniiiends  for  the  titration  of  the  acid  a 

^r  borax  solution, 

Hydrofluoric  Acid, 

1000  c.c.  normál  alkali  =HF  =20.01  gmu.  HR 

Hydrofluoric  acid  can  be  titrated  with  phenolphthaleín  as  an 
indicator,  but  not  with  lítmus  nr  methyl  orange.  The  acid  ia 
measured  out  into  a  platinum  dish  by  means  of  a  pipette  which  is 
covered  with  beeswax,  an  cxcess  of  sodium  hydroxide  free  fn>m 
alkali  is  added,  and  the  excess  of  the  latter  is  titrated  in  hot 
solution  with  an  acid  of  knmvn  stren^th.t 

Hydrofluositícic  Acid. 

1000  c.e.  of  N.KOH  oř  BaCOH),  solution-  M^íl«  =  !±^ír=  72,21  gms.  H^SiK,. 

This  acid  can  ordy  be  titrated  with  potasstum  or  barium  hydrox- 
ide in  the  presence  of  alcohol  (an  equal  volume  is  added)  and  using 
phenolphthaleín  or  lacmoid  as  an  indicator  The  insoiubie  potaš- 
DUB)  or  barium  salt  is  obtained: 

ll,Sil\-f2K<)II==K1SiF<t+2H2Of 
HjSiFa+BaCOH)^  BaSiFt+2HjO. 

*  Zpitschr.  f.  anal  Ck,  36  (1897),  p.  19  This  method  has  not  been  tested 
ín  the  aut  hor' s  tábora  tory. 

t  Cf.  Winkler,  Zeitschr.  f.  angew.  Ck,  1902,  p.  33, 


J 
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If  it  is  attempted  to  mafce  the  t  iiration  with  sodium  hydroxide 
solution,  unreliable  results  will  be  ohtained,  lx*causc  the  soluble 
sodiuiu  sUiaHEkioride  i>  d  ad  aocordrag  to  the  equatioa 

\;>  ,SiF^  4Xa«  >H  -  tiXaF-ř  Si(t  >H)4 

and  this  decomposition  takés  pláce  gradually,  so  that  no  satisfac- 
tory  end-point  can  be  obtained. 


De  term  i  nati  on  of  Organic  Acids. 

Methyl  orange  canrmt  be  ušed  for  the  titration  of  organic  acids, 
but  eithcr  pheiiolphthaleín  Gt  litmus  may  be  employed,  If  CM* 
bonic  acid  is  present  aí  thesame  time,  the  titration  is  inade  in  a  hot 
solution  (cf.  p.  441).  It  is  hrst  to  dilute  The  organic  acid  with 
water  free  frnrn  carbon  dioxide,  add  phenolphtíiahiTil  and  titra;e 
with  half-normal  barium  hydroxide  in  the  eold. 

To  illustrate. — 1 1  A  to  analyse  a  eampl  tic  anhy- 

dride.  The  only  impurity  that  the  distílled  produet  is  likelv  to 
contain  is  acetic  acid,  so  that  it  is  a  question  of  detcrtnining  the 
aniount  of  acid  and  anhydride  in  the  presence  of  one  another. 
Suiii  a  problém  can  be  Bolved  only  by  an  indirect  anah 
The  mixturc  is  weighťd  ont  in  a  sinali  glass  bulb  and  then 
thrown  into  an  accurately-ineasured  umnuut  of  standard  barium 
hydroxide  solution.  The  Utter  is  contained  in  a  rlask  which  is 
connected  with  a  retuni-řlow  mndenser  and  at  the  top  of  the 
condenser  a  soda-lime  tube  is  fitted.  The  contents  of  the  flask 
are  warmed  gently  until  the  oil  has  completely  dissolved;  it  is 
thereby  changed  to  acetic  acid, 

rllfn!  ")°  +  H,0«2CH/XX)Hf 

and  the  latter  is  neutralized  by  the  alkali.  After  the  reaction  is 
complete,  a  drop  of  phenolphthaleín  is  added  and  the  solution 
is  decolorized  by  the  ftdditlOD  of  a  titrated  acid.  From  the  aniount 
of  the  latter  ušed,  the  exeeee  of  the  alkali  is  known,  and  if  this 
is  deducted  from  the  tolal  aniount  of  alkali  in  the  flask,  the  aniount 
necessarv  for  the  eomplete  neutralization  of  the  acetic  and,  whether 
oríginally  present  as  the  free  acid  or  in  the  forni  of  its  anhydride* 
can  be  calculated: 


DETERMÍNATÍON  OF   ORGAN IC  ACIDS. 


469 


1.  z     +     y    —  p  (originál  wcight); 

2.  wx     +     '/     =  4  (weiglu acetic  acklafter  the actionof  water); 

and  from  thifl  X  can  ba  ealculnt-  1. 

1 


x^ 


(q—p), 


and  in  these  equations  m  = 


wi-1 
2  CjH/U     120.08 


1 


ř/I-1 


103.06 


1.1766     and 


Kmmpíí\ — The  absolutcly  elear  preparatio-n  of  acetic  anhy- 
dride from  a  well-known  firm  gave  the  folknving  rcsultsT  0.9669  gnu 
l>cing  taken  for  the  analysis: 

X 

200  c.c.  of  barium  hydroxide  solution  required  187*79  c.c.  —  HCl; 

lu 

200  c.c.  of  barium  hydroxide  +  0.9665  gin,  of  substance 

N 
required  6.03  c.c. —  HCI; 

so  that  the  0.9665  gm,  of  substance  was  equivalent  to  181.76  c.c. 

N  X 

-—  HO,  and  this  amount  of  y^  Ba(OH)a  solution  would  háve  been 

required  to  neutralize  it.     This  GOTTBBpOUda  to 

181.76X0.006004=  1.0913  gtns.  acetic  acid  =  g 

If,  now,  the  values  of  />  and  q  are  introduced  in  the  previoua 
equations,  we  obtain 

z =5.6638(1. 0913 -0.966.5)  =  0,7068  gm,  anhydride, 

and  in  per  cent. 

0.9665: 07068=  100  :x 
x=  73.13  per  cent.  acetic  anhydride. 

The  preparation,  therefore,  eontained 

Acetic  anhydride  =   73.13  per  cent 

26. S7  per  rent. 

Acetic  acid  =  tt^ttz^ ~r 

100.00  per  cent. 
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Determination  of  Sulphurous  Acid. 

For  the  detenrrination  of  sulphurous  acid  by  itsolf,  the  anály- 
sis  is  always  aceomptishedj  ftfl  reeonmiended  by  Vnlhanl,  by  an 
iodimetric  process,  i.e.,  it  is  oxidized  to  sulphurie  acid.  In  many 
cases,  however,  it  is  necessarv  to  titrate  the  sulphurous  acid  with 
alkali  (cf.  p,  463),  and  here  the  ehoiee  of  an  indicator  is  impnrtíint , 
for  the  end-poiut.  is  verv  different  in  the  čase  of  methyl  orange 
froiu  that  obtained  when  phenolphthaleín  is  ušed: 

H2S03+2Nai  )H  -  Na^í  ^+2H.O  (with  phenolphthaleín), 
HtSO,  +  NaOH-NaHSOs+HjO  (with  methyl  orange). 

NaHŠOj  reacts  acid  toward  phenolphthalein,  but  neutral 
toward  methyl  orange,  so  that  twice  as  much  alkai  would  be 
added  in  the  hrst  čase.  The  most  accurate  results  are  obtaine 
with  the  use  of  methyl  orange,  for  the  carbon  dioxide  which  is 
ahuost  always  přeseti  t  does  not  exert  much  of  an  effect  upon  this 
indicator,  whereas  it  does  upon  phenolphthaleín. 


Determination  of  Orthophosphoric  Acid. 

NaHaPG4  reacts  acid  toward  phenolphthaleín.  and  neutral  toward 
methyl  oranže,  while  Nu3HP<.\  is  neutral  toward  the  fonner  indi- 
cator  and  basic  toward  the  latter. 

Thereton\  on  titratiug  free  phosphoric  acid  with  alkali  one  of 
the  fullowing  reactions  will  také  pláce: 

L   H3P(34-f  2Nat  \\  I     Na  I 1  P<  >4H-2HsO  (phenolphthaleín), 
%    H3P04  +  NaOH  =  Na  H2P04  -f  H20  (methyl  orange) , 

The  first  reaction  is  not  sharp,  beeause  pure  Na^HPC^  is  disso- 
ciated  to  a  slight  extent,  so  that  it  beeomes  alkaline  to  phenol- 
plithaleín: 

ŇíjHÍn  \  +  II  i  'm&tia ILPOt  +  Na OH. 

To  prevent  this  hydrolysis,  the  titration  is  best  effected  in  a 
cold,  concentrated  solution  containing  sodium  chloride. 
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Determination  of  Boric  Acid. 

Free  boric  acid  has  no  action  tipon  methyl  orange,  conse- 
quently  alkali  borates  may  be  titrated  with  hydroehloric  and 
nitric  acitis  using  this  indicatOTj  with  sulphuric  acid  the  results 
are  not  as  satisfactory,  for  there  Ifi  m  this  čase  no  sharp  eolor 
chango.  If  phenolphrhaleín  is  ušed  as  the  indicator,  the  red 
oolor  fades  gradually  and  the  end-point  cannot  be  determiiirl 
with  certainty.  If,  on  the  othcr  hand,  sodium  hydroxide 
slowly  run  into  an  aqueous  solution  of  boric  acid  containing  phe- 
nolphthalein,  after  samé  tíme  a  pale-pink  oolor  ia  ootíoeable  whiob 
becomes  deeper  on  the  addition  of  more  alkali.  The  firat  pink 
color  is  formed  before  all  of  the  boric  acid  has  been  neutralized, 
for  sodium  boráte  is  percept  ibly  hydrolyzed.  Free  boric  acid  cannot 
be  titrated  by  iíself,  but  if,  as  proposed  by  Jnrgensen  *  a  sufficient 
amount  of  glycerine  f  (Oř  mannite)  is  added  to  the  solution,  the  hy- 
dmlysis  is  prevented,  BO  that  when  1  mol.  of  NaOH  is  prcscnt  for 
1  mol.  of  H3BOa  the  solution  suddenly  ehanges  froni  n.l<»rlrss  to 
red;  probably  a  stronger  acid  is  formed  by  the  addition  of  the 
glycerine,  the  giycerme-boric  acid,  (CjHjOjOHjBíOH). 

If  the  solution  does  not  contaln  sufficient  glycerine  the  eokf 
change  takés  pláce  too  soon,  as  can  be  shown  by  \\w  additlQD  of 
more  glycerine.  If  the  red  color  disappears  on  adding  the  lat- 
ter,  more  alkali  is  added  until  it  reappears.  The  right  end-point 
is  reached  when  the  red  color  no  longer  disappears  on  the  addition 
of  glycerine.  Inasmueh  as  enmmerrial  glycerine  reacts  acid,  it 
must  be  jnst  neutralized  with  alkali  before  being  ušed  for  this 
determination.  Furthermorc,  in  order  to  obtain  accurate  results 
it  is  neeessary  that  the  solutions  should  be  absolutny  free  from 
carbonate. 

Application.     Determination  of  Boric  Acid  in  an  Alkali  Boráte  Free 
from   Carlionutť.X 

About  30  gras.  of  the  boráte  are  dissolved  in  water  free  from 
carbon  diuxide,  diluted  to  1  liter,  and  the  total  alkali  is  determine  1 

*  Zeítschr.  f.  Nahrungam,  IX,  p.  389,  and  Zeitechr,  f.  angew.  Ch.,  1897* 
p.  5. 

t&ttMta.  í.  m^m*  Ol,  I8M,  p,  .via 

t  M.  Hónig  and  G.  SpiU,  Zeitechr.  f.  angew.  Ch.,  1896,  p.  549. 
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N 
in  an  aliquot  part  by  titration  with  -y  hydrochloric  acid,  using 

methyl  orange  as  an  indicator.     A  fresh  portům  of  the  boráte  ifl 

taken   and    oxactly   neutralized    by   the   amomit   of   hydrochloric 

acid  fotím!  neceasary  by  the  pteviom  titration;  bythis  means  the 

solution  w£D  contain  free  boric  acid,     After  adding  about  50  c.c,  of 

glycerine  for  each  1.5  gms.  of  the  boráte,  the  solution  is  titrated 

N 
with    —  sodium  hydroxide,  using  phenolphthalcín  as  indicator. 

After  the  end-point  is  reaehed,  10  c.c.  mořte  rf  glycerine  are  added, 
and  tiiis  usually  causes  the  solution  to  become  colorless.  The  cnd- 
point  with  sodium  hydroxide  is  again  obtained  and  the  proeess 
repeated  until  finally  the  addition  of  glycerine  causes  no  further 
ar  t  ion  upon  the  end-point. 

If  the  boráte  contained  carbonatet  the  portion  taken  for  analysis 
is  noiitralized  with  acid  as  beíore,  then  boiled  for  a  few  minutes, 
taking  the  precaution  of  connecting  the  flask  containing  the  solu- 
tion with  a  return-now  condenser.*  After  the  carbon  dioxide  is 
cx  pel  led,  the  sides  of  the  condenser  are  washed  down  with  water 
and  the  titration  with  sodium  hydroxide  made  as  before.f 


Determination  of  Carbonic  Acid. 

(a)  Dcterminatwn  of  Free  Carltonic  Acid, 

To  determine  the  amount  of  free  carbonic  acid  present  in  a 
dihite  aqueoua  solution,  an  excess  of  titrated  barium  hydroxide 

\ 
sul ut ion  is  added,  and  the  excess  is  detemiined  by  means  of  —  11(1, 

using  phenolphthaleln  as  an  OfcdLG&tor: 

HaCOi+  Ba(UH)3 1-  BaO  )a+ 2H20 
1  c.c.  ~  HCI  =  0.0022  gm.  C02. 


*  Tli*1  rriTiflriKscr  serveš  to  keep  back  aiiy  boric  acid  escaping  with  tlie 
cteum. 

:  anolhei  nethod  see  Joiies,  Am.  J.  Science  [4],  7,147. 
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(b)  Determination  of  Carbon  Dioxidc  Present  as  Bicarhanate. 

N 
The  solution  is  titrated  with  —  HC1  ifi  the  presence  of  methyl 

orange: 

NaHC03+  HC1  -  NaCl+  HjCO, 

1  c.c.  ^  HC1  =0.0044 gm.  C02. 

(c)  Determination  of  Carbon  Dioxide  Present  as  Carbonate. 
The  titration  is  effected  with  —  HC1  and  methyl  orange;* 

NaaCOs+  2H 1 1  -  2NaCl  +  11,00, 

1  e.c.  ^-  HC1  -0.0022  gin.  CO,. 


(ď)  Determination  of  Free  Carbonic  Acid  in  the  Presence  of 
BicarbonaU , 

N 
One  portion  li  titrated  with  —  HO,  using  methyl  orange  as 

indicator,  and    the    amount    of    bicarbonate    is  detennined    as 
under  (fo). 

A  seeond  portion  is  treated  with  an  excess  of  barium  chloride,  f 
then  with  an  excess  of  barium  hydroxide,  and  the  excess  of  the 
latter  titrated  back  with  HC1,  using  phenolphthaleín  as  indicator. 

\ 
If  the  amount  of  —  acid  ušed  for  the  first  titration  is  deducted 

\ 

from  the  amount   of  —  barium  hydroxide  solution  found  to  be 

necessarv  by  the  husí  titration.  the  difFerence  niultiplied  by  0.0022 
will  give  the  amount  of  free  carbonic  acid.J 

*  Alkaline-earth  carbonates  are  diBaolved  in  aa  excess  of  standard  acid 
lad  thfi  BW  titrated  back  with  standard  alkali. 

+  The  ftddiiinn  <ii  barium  chloride  is  ordy  nňfinnmry  when  free  carbonic 
acid  is  Utrated  ta  the  pwence  <»f  alkall  blemfbocuiliv.  Witbout  it  free  alkali 
wouid  tben  bc  femned!   N:iHn>;ii Baa>H)5  =  b:iCu     ll.<>    v.oii. 

í  This  rnethod  cannot  be  uacd  when  magnesium  salls  are  present. 


474 


VOLUMETRÍC  ANALYSIS. 


(e)  Determination   of    Bkarhowtte    m    the    Presence   of   Carbonate. 
Method  of  C  Winkler. 

In  one  portion  the  total  alkalinity  is  determined  by  titration 

N 
with  —   HC1,  using  niethyl  orange  as  indicator.     This  requires 

T  c.c,  of  -|  HC1. 

In  a  second  portion  the  bicarbonate  is  determined  by  adding 

N 
an  excess  of  —   NaOH,  then  neutral  barium  chloride  sulution, 

and   afterward  titrating  the  excess  of  the  former  with  phenol- 

N 
phthaleín  and  ^  HC1.    We  will  assume  that  for  this  purp 

N  N 

Tx  c,c.  ^  NaOH    and  í  e.c.  —  HC1  were  ušed,  then   evidently 

N 
(Tl—t)  c.c,  jjc  NaOH  were  necessary  to  convert  the  bicarbonate 

into  carbonate: 

N8HC0.+ NaOH  =  Na/JO, +HaO. 

lNaOH  corresponds,  consequently,  to  ICO,,  oř 

1  c.c.  ~  NaOH  =  0.0044  gm.  00„ 

and  therefore  (Tt-l)*  0.0044  =  COt  as  bicarbonate. 
For  the  deconiposition  of  the  normál  carbonate 

T-(Ti~t)  =  (T  +  t-Tl)  c.c.  ^HCi 

were  necessary,  and  from  the  equation 

NaiC01+2Ha  =  2NaCl+H10+CX>1 

it  is  evident  that 

2HC1=1G01 

and 

1  c.c.  -|  Ha -0.0022  gm.  CO,. 

The  carbon  dioxide  as  carbonate=(T+í— 7\)  -0.0022  gm. 
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Remark.—lt  has  been  proposed  to  determine  volumetrically 
the  free  and  bicarbonate  carbonic  aeitl  in  dríiiking  and  minerál 
waters;  with  the  formcr  accuratc  results  ca n  be  obtaincd,  but 
with  the  latter  this  is  not  the  čase.  In  the  determination  of  the 
total  alkalinity  not  only  the  bicarbonate  but  also  the  ever-pre-srnt 
silicate  and  boráte  are  likcuise  determined,  so  t-hat  this  in  many 
í-ases  causes  considerable  error  in  the  analysis  of  minerál  waters. 
Ifam  in  analyzing  a  sample  of  minerál  water  containing  in  reality 
4,63  gms,  of  carbonic  acid  as  bicarbonate  per  kilogram,  the  titra- 
tion  showed  5.42  gins,,  a  difTerencc  of  0.61  gin,  C03! 

Determination  of  Carbonic  Acid  in  the  Air.     Method  of 
Fettenkofer. 

Principle. — A  large,  measured  volume  of  air  is  treated  wit  h 
an  excess  of  titrated  barium  hydroxide  solution  whereby  the  car- 
bon  dioxide  is  quantitatively  absorbed,  fonning  insoluble  barium 
earbonate.  Phenolphthaleín  is  added,  and  the  exccss  of  barium 
hydroxide  is  determined  by  titration  with  hydrochloric  acid 
until  the  solution  is  colorless.  Froni  the  amoimt  of  alkali 
ušed  to  absorb  the  carbon  dioxide,  the  amoiint  of  the  latter  is 
ealculated. 

Requirvments. — I.  A  bottle  of  abotit  5  liters  capacify,  which 
is  calibrated  by  weighing  it  dry  and  then  fílled  with  water  at 

i7°.s  a 

2,  Standard  solutions  of  barium  hydroxide  and  hydrochloric 

acid.     The  acid  is  prepared  so  that  1  c.c— 0,25  e.c.  CQa  at  0°  C. 

N 
and  760  mm.  pressure;  this  is  accomplished  by  dUuting  223.3  e,c.  — 

hydrochloric   acid   to    1    liter.     The   barium   hydroxide   wlutloo 
should  be  of  about  the  samé  strength. 

Proceduře. — The  flask,  with.  its  capacity  etched  upon  it,  is 
placed  in  the  space  from  which  the  air  is  to  be  taken,  and  by  means 
of  a  bellows,  the  mouth  of  which  is  connected  with  a  pieco  of 
rubber  tubing,  the  air  in  the  flask  ís  chamied :  al«>nt  lui)  široka  are 
made  with  the  bellows.  The  flask  is  then  stoppered  with  a  rub- 
ber cap,  and  at  the  samé  time  the  temperaturo  and  barometer 
readings  are  noted. 
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By  meaas  of  a  pipette,  100  c.c.  of  barium  hydroxide  solution 
are  run  into  the  flask,  the  rubber  cap  replaced  on  the  bottle,  and 
the  solution  is  gently  shaken  back  and  forth  in  the  flask  for  fif- 
teen  minutes.  The  turbid  liquid  is  then  poured  into  a  dry  flask, 
25  c.c.  are  pipetted  out,  phenolphthalein  is  added,  and  hydrochloric 
acid  slowly  run  in  with  constant  stirring  until  the  solution  is 
colorless.  This  requires  n  c.c,  so  that  for  the  100  c.c.  of  alkali 
solution,  4Xn  c.c.  would  be  necessary.  The  strength  of  the 
barium  hydroxide  in  terms  of  acid  is  now  accurately  determined  ; 
25  c.c.  of  barium  hydroxide  require  N  c.c.  of  the  standard  hydro- 
chloric acid,  oř  100  c.c.  would  neutralize  4X#  c.c.  of  acid. 

Cálculation. — Assume  the  contents  of  the  flask  to  be  V  c.c. 
at  t°  C.  and  B  mm.  pressure.  By  the  introduction  of  100  c.c.  barium 
hydroxide  solution  the  samé  volume  of  air  was  replaced,  so  that 
the  amount  of  air  taken  for  analysis  amounts  to  (V— 100)  c.c. 
at  t°  C.  and  B  mm.  pressure.  At  0°  C.  and  760  mm.  pressure  the 
volume  is 

(7-100)B 


'v.- 


760(l+«-0 


100  c.c.  of  barium  hydroxide  solution  require  4  N  c.c.  HC1, 
while  100  c.c.  of  the  alkali  after  treatment  with  V0  c.c.  of  air  require 
4  n  c.c.  of  the  acid  and  this  corresponds  to  4  (N— n)«0.25=(iV— n) 
c.c.  COa  at  0°  C.  and  760  mm.  pressure. 

The  amount  of  C02  present  in  1  liter  of  air  measured  at  standard 
conditions  amounts  to 

VQ:(N-n)=1000:x 

1000-  (N-n)  nex 

X" p gms.  CQ+j 


II.  OXIDATION  AND  REDUCTIGN  METHODS. 

All  processes  considered  under  this  beading  are  those  in  which 
the  substance  analyzed  is  eithcr  oxidized  oř  reduced  by  means 
of  the  solution  witb  which  thc  titration  is  made.  As  a  standard 
for  measuring  the  normality,  wv  eonsider  the  oxidation  of  two 
gm.-atoms  of  hydrogen  by  1  gm.-atom  of  oxygen.  The  norma! 
solution  ?  therefore,  will  be  one  which  for  each  1000  c.c.  gives  up 

oř  requires  -=-  =  8  gms,  of  oxygen  =^1  gin.  of  hydrogen, 
m 

OXIBATIOlf  METHODS. 

A,  The  Permanganate  Methods. 

These  are  based  upon  the  fact  that  2  gm.-molecules  of  potas- 
sium permanganate  in  acid  solution  give  up  5  gm.-atoms  of 
oxygen,  equi valen t  to  10  gm.-atoms  of  hydrogen: 

2KMnOl  =  K,0+ 2MnO+ Oa(  =  10H). 

Oř,  what  amounts  to  the  samé  thing3  each  atom  of  mangan  ese  ís 
reduced  from  a  valence  of  7  to  a  valence  of  2,  so  that  lKMn04  will 
oxidize  the  equivalent  of  ML 

The  solution  muflt  always  contain  enough  sulphuric  acid  in 
order  that  the  metala  will  be  left  in  the  form  of  sulphates  and  not 
as  o  xi  cles;  otherwise  less  oxygen  is  available  from  the  perman- 
ganate (ef.   p.  4N6). 

The  amount  of  potassium  permanganate  required  for  the  prep- 
aration  of  a  liter  of  norma!  solution  is  shown  by  the  above  equa- 

,     KMnO,    168.18    01  ao 

ti  on  to  be  - — ^ — *  =  ■    -      =31.63  gms. 

N  N 

For  the  great  majority  of  oxidation  analyses  —  and  rarely  — 

solutions  are  ušed. 

The  Preparation  of  —  Potassium  Permanganate  Solution 

10 

was  described  on  p.  79. 
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Standardization  of  Permanganate  Solution. 

L  Against  Mctallic  Iron, 

The  practice  of  standardizing  an  ^—  permanganate  solution  by 

means  of  electrolytic  iron  is  to  be  recommended,  The  proceduře 
has  already  been  described  on  p.  81. 

It  is  true  that  the  method  is  somewhat  tedious,  but  by  this 
means  accurate  results  are  guaranteed.  For  afterward  testing 
the  strength  of  lín'  Botution,  nnlinary  piano-wire  may  be  ušed, 
whose  apparent  iron  valoe  has  been  compared  once  for  all  with 
the  value  obtained  from  electmlytic  iron  {cf.  p.  86),  Only  when 
a  new  supply  of  the  iron  wire  Ls  purchased  is  it  neeessary  to  repeat 
the  comparison  with  the  pure  iron. 

It  runy  be  mcntioDedj  too,  that  the  apparent  iron  value  is 
diflferent  according  to  the  method  W*á  for  dissolving  the  wire. 
Frequently  a  small  200-c.c.  flask  is  ušed  for  the  solution  of  the 
iron  and  the  flask  Ls  closed  by  irieans  of  a  perforated  rubber  stopper 
contaíning  a  small  glass  tube,  The  outer  end  of  the  tube  is  fjtted 
with  a  Bunsen  valve,  i.e.  a  small  piece  of  rubber  tubing  is  pfoced 
over  the  glass  tube  and  its  end  is  doseti  by  means  of  a  piece  of 
stírring-rod,  and  on  the  skle  of  the  rubber  tubing  is  cut  a  slit  through 
which  gases  can  escape  from  the  flask  but  which  closes  and  pre- 
vente  the  entrance  of  air. 

When  a  large  liter  flask  containing  300  c,c.  of  dilute  sulphuric 
acid  at  the  temperature  of  (the  water-bath)  is  ušed  for  dissolving 
the  iron,  as  shown  in  Fig.  29t  more  of  the  impiirities  present 
in  the  iron  (hydrocarbons,  etc.)  will  remain  in  solution  and  more 
permanganate  solution  will  be  required  for  the  oxidation  than 
wÍKii  the  solution  is  effected  in  ,50  c.e.  of  liquid  at  the  boilhi^  tem- 
perature.  Evideiitly,  then,  it  is  necessary  to  always  dissolve  the 
bon  in  the  samé  way  when  using  ordinary  iron  wire  for  the 
standardizatiun,* 


*  l)r.  Schtidl  found  the  apparent  iron  value  of  a  satrapie  of  iron  wire  to 
be  UH>.J51  and  100.53  per  oeftt  Fe  when  dissolved  in  500  0.&  dilute  H2S<  >,. 
as  deseribed  on  p.  96,  while  the  values  100,14  and  Í0CX38  per  eent  Fe  were 
obtained  by  using  the  small  flask  with  Bunsen  val  ve. 
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2.  Against  Oxalic  Acid. 

Tenth-normal  oxalic  acid  solution  is  exccllent  for  the  standard- 
ization  of  a  permanganate  solution.  By  means  oí  a  pipet  te  25  c,c, 
are  measured  into  a  beaker.  10  c,c.  of  dilute  sulphuric  acid  (1:4) 
are  added,  the  solution  is  diluted  with  water  atabout  70°  C.  to 
a  volume  of  200  c.c,  and  the  permanganate  is  run  into  it,  with 
•constant  stiiring,  f  rom  a  glass-stoppered  burette.  At  first  the  solu- 
tion is  colored  rad  for  several  Beeoodi,  then  it  becoraes  colorl* 
but  after  the  reaetion  m  onre  started  the  permanganate  is  rapid  ly 
decolorized  until  an  excesš  is  prezent.  The  permanent  pink  color 
is  imparted  to  the  solution  by  the  permanganate  as  soon  as  alJ 
the  oxalic  acid  is  oxidized;  this  is  taken  as  the  end-point. 

The  oxidation  is  expressed  by  the  folio  wing  equation: 

2KMnO«+  5H3CA+ 3H2S04= K,SO,+  2MnSOi+ 8H,0+  10OOr 

Since  for  the  oxidation  of  1  gm.  molecule  of  oxalic  acid, 

COOH 

+  0-2CG1+HlO, 
COOH 

N 
I  gm.-atom  of  oxygen  is  necessary,  and  1  liter  —  oxalic  acid  eon- 


tains  -fa  gm* -molecule  of  the  acid.it  is  evident  that  1000  c.c.  of 


N 
10 


oxalic  acid  are  equivalent  to  ^  gm  -atom  of  oxygen  =0.8  gm.  and 
1  c.c.  of  the  solution -O.0OOS  gm.  O, 


If  for  the  oxidation  of  25  cx,  ^  oxalic  acid  24.3  c.c. 


of  per* 


manganatc  solution  were  requíred,  these  24.3  c  c    correspond  to 

rfQ2Q 

25X  0,0008 - 0.0200 gm.  oxygen or  1  c.c.  KMnO«  =  -^  =  00008230 

gm,  O. 

Instead  of  expressing  the  concentration  of  the  permanganate 
solution  in  terms  of  oxygen,  ií  has  been  the  custom  to  express 
it  in  terms  of  iron,  The  íolknviiig  consideration  will  show  how 
the  calculation  may  be  madc. 

Froiu  the  oxidation  equation 

2FeO+0*FeíOJ 
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it  follows  that  1  gm.-atom  qi  oxygen  is  necessary  for  the  oxida- 
tion  of  2  gm.-atoms  of  iron;  coosequently  i  gm.-atom  of  oxygen 


0 


N 
=  111  =  10,000  ejo,  —  oxalic  acid)  corresponds  to  1  gni*-atom  iron, 


N 


so  that  25  c.c.  —  oxalic  acid 


24.3  CX.  pennanganate 
0.1400  gm.  iron;  or  1  c.c.  of  the  pennanganate  solution^ 


25X0.0056 
0.1400 


24.3 


=0.005761  gm.  Fe, 

Remurk.— Against  the  tise  of  oxalic  acid  solution  for  the  stand- 
ardissation  of  a  pennanganate  solution  is  the  faet  that  the  c<>n- 
eentration  of  the  aqueous  solutkm  is  not  permanent;  for  this 
reason,  K.  Riegler  *  propOBed  the  addition  of  S0  C  <\  of  (Xmcen* 
trated  sulphuric  acid  to  each  liter  of  the  oxalic  acid,  by  which 
means  the  solution  can  be  kopt  unchanged  for  a  much  I01 
length  of  time.  That  this  is  tlie  et9e  is  showi)  hy  tlie  following 
experimente:  A  solution  of  OXftHč  acid  in  water  was  prepared, 
and  also  one  in  dilnte  sulphuric  acid.  Bot  li  sólu  ti  on  s  were  ti  tratěmi 
on  the  samé  day  with  pennanganate  solution  which  had  beefl 
BtlindftrrHged  against  electrolvtir  iron.  At  the  end  of  eiííht  months 
the  sarne  Bolutinns  were  titrated  airainst  a  freshly-standanlized 
pennanganate  solution,  with  the  following  results: 


Freshl  y-pre  pared 
After  S  moraths. , . 


Aqueous  Oxalic  Acid. 


1000  c.c. « 1000.6  c.c.  jjaoi 
1000  c.c-  994.9  c.c    H    " 


Oxalic  Acid  eontainiím 
Si^lptiunc  Acid. 


1000  c.c.  =1002.5  c.c.  j?  sol 
1000  c.c.  -1001.8    »    "     H 


At  the  end  of  eight  months,  tlierefore,  the  aqueous  solution 
had  depreciated  0.56  per  cent.  in  strength,  while  the  solution  eun- 
taimsg  the  sulphuric  aeul  had  only  weakened  to  an  extent  of 
0.12  per  cent,  of  its  originál  concentralion. 

From  this  it  is  evident  th*1  a  solution  of  oxalic  acid  contain- 
ing  sulphuric  acid  can  he  ušed  for  the  standardization  of  a  pep- 
manganate  solution,  provided  the  former  has  not  stood  more  than 


*  Zettechr.  f.  anaL  Chem.,  1896,  p.  522. 
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eight  months  since  ít  was  prepared,     The  use  of  old  aqueous 
l  olutions  of  oxalie  aeid  is  to  be  disenuragcd. 

3.  Against  Sodium  Thiomdphate. 
See  Iodimetry. 

4.  Agaimt  fíydrogm  Peroxide. 
'         línetrir  Methods. 

Permanence  of  Potassium  Permanganate  Solutions. 
A*  mentioned  on  p«  SO,  a  permanganate  solution  will  kecp 
indefinitely,provided  it  is  kept  free  from  dust  and  reducing  vapore. 
In  order  to  test  the  pcTmanence  of  such  a  salut  ion  *  it  was  stand- 
ardizcd  against  eleotrolytir  iron  and  aftcr  eight  months  it  was 
again  tested.f  It  had  lost  nnlv  0.17  per  cent,  of  itfl  originál  value 
and  could  be  ušed  for  a  11  nnlnmn  analyses*  For  very  aeeurate 
wnrk,  howcver,  Ít  is  advisable  to  standardisse  the  solution  fre- 
quently* 

USES  OF  Permauganate  Solutioií. 
I,  Determination  of  Iron   (Margueritte   1846). 


10 


0.0056  gm.  Fe 


1  c.c.  liX  KMnH4  conwpondfl  to  <{  0.0072  gm.  FeO 


voj 


i.OOSOgm.  Fe^O, 

In  this  determination  the  iron  is  oxidized  from  the  ferrons 
to  the  ferríc  condition: 

2KMnO,+  10FeSO4+  NH2Sc  >4     K2S<  >4+  2MnS04+  5Fi -,(SO,),+  Slip 

The  solution  of  the  ferrous  salt  is  strongly  amiilied  with  snl- 
phuric  and  íabout  5  c.c.  of  concentrated  sulphuric  arid  shonld 
be  present  for  eaeh  100  c.c.  of  the  solution),  diluted  with  boiled 
w.iter  to  a  volume  of  400  to  .500  c.c\,  and  titratcd  in  the  cold  by 
the  addition  of  potassium  permanganate  from  a  glass-stoppered 
burette  until  a  permanent  pink  eolor  is  obtained.  If  the  perman- 
ganate solution  is  tenth-normah  the  number  of  cnbic  centimeters 


*  The  solution  was  ahvrolv  ilmr  months  old, 

fln  Jmu\  1K09,   1  UM   KMnO,  H.lntit.ri  -00054853  gm.  Fe;  in 

March,  WH),  1  o*,  of  tftrt  KMnOt  POlullon— aOOM781  gBk  Fe.  See  aJso 
Mořte,  Hopkina  and  Walker,  Am,  Chem.  Jour.,  I8t  401. 
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used  multiplicd  by  0.0056,  0.0072,  or  0.0080  will  give  respekt  i  vely 
the  amounts  of  metal,  ferrous  oř  ferric  oxide. 

This  determiiiation  affords  very  accurate  results  and  is  un- 
questionably  one  of  the  best  rnelhoda  for  deteimining  iron. 

lumnrk, — The  titration  of  iron  b  hydroeliluric.  acid  solution 
gives  liigh  results  unless  partieular  precautions  are  taken.  li 
dilute  pemianganate  solution  is  allowcd  to  run  ínto  a  coki  dilute 
solution  of  ferrous  chlorid*'  rnntaining  hydroehloric  acidf  the 
furmer  is  deeolori/.ed  :oid  the  iron  ifl  oaddised,  but  there  is  a 
notieeable  evohit  km  of  chlnrine.  More  pemianganate  is  used  up 
than  is  Q8C68flar]   to  Mxidize  the  ferrous  salt  to  the  ferric  condition. 

Lnucjifhal  and  Lenssen  *  hrst  called  attention  to  this  fact, 
and  declared  the  metbod  of  Margueritte  to  be  accurate  only  wfoen 
hydroehloric  acid  and  chlorides  are  nhsent, 

Kesslerf  (1863)  and  Zimmermann  (1881),  t  however,  háve 
shodil  that  it  is  possiblc  to  obtain  satisfaetory  results  even  in 
hydroehloric  acid  solution,  if  conriderable  mangmwus  mlphato  is 
prese ht 

Manchot  §  has  studied  the  oxidation  of  iron  under  many  dif- 
ferent  conditions.  and  has  come  to  the  conclusion  that  there  ia 
a  tendency  to  form  a  peroxide  of  iron,  in  this  čase  corresponding 
to  the  formu la  F%Qn  though  up  to  the  present  time  such  a 
compound  has  not  been  isnlatcd. 

The  presence  of  hydroehloric  acid  seems  to  fa  vor  the  forma- 
tion  of  this  peroxide  mi  treatment  \vith  pemianganate,  but  it 
i<  bo  usstabte  that  it  breaks  down,  oandiring  a  part  d  the  hydro- 
ehloric acid.  This  explains  the  fact  that  if  the  pemianganate 
solution  is  added  tn  the  samé  amount  of  cold,  dilute  hydroehloric 
acid  wit.hout  the  presence  of  the  ferrous  saltf  there  ifi  no  evoluriun 
of  ehlnrinc. 

The  action  of  the  manganese  sulphate  is  probably  twofold. 
On  the  ODA  hand  h  n^olutes  the  velocity  of  the  reaction  betwiUCU 
ferrous  oxide  and  pennanganíe  acidt  fort  aecording  to  Yolhard, 
the  HMnG4  aets  upon  the  manganous  salt  with  the  formation  of 


*  Pogg,  Ann,,  118.  p.  41  p  and  llí>,  p.  225. 

t  BritÉChr.  f.  anal.  (h  .  1  32tt,  (1863). 

X  Lichif*'s  Annalen,  811,  302,  ami  lVrichfce,  14,  p,  779. 

i  Liebigs  Annaleii,  325  (1902),  p,  114, 
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manganese  peroxide,  whioh  then  reaets  with  the  ferrous  salt; 
00  the  other  hanil  it  takés  u p  the  OxygCB  írom  the  iron  peroxide 
and  carrics  it  to  the  itnoxidizcd  ferrous  salt.     In  botfa  cases  it  is 

utial  that  mangům  sr  peroxide  does  not  react  with  hydn>- 
ehloric  acid  ven'  rapidly,  and  it  is  necessary,  tmi,  that  theamount 
of  manganous  salt  present  sbalí  not  exceed  the  amotint  of  iron 
pp'sent. 

Zimmermann  siiggested  a  sitnilar  explanation,  but  it  seeined 
to  tucet  with  buf  little  approval.  so  th:it  [Xw  hypothesis  <>f  Warner* 
was  quitc  generally  adopted.  The  latter  tlaimed  that  the  excess 
of  permanganate  required  for  the  titratíon  uí  feiTOUfi  chloride  in 
the  absence  of  manganous  sulphate  was  dne  to  the  intennediate 
formation  and  rapid  oxidation  <>f  i  ferrous-hydroehlorie  acid, 
FeCl2-2H(l 

H&nchoťfl  explanation,  boWteVttTj  BOOTTWl  to  be  the  better  one. 

Although  it  is  possibk\  tlien.  to  titrate  iron  in  bydmehlorie 
aeid  solutions  in  the  presence  of  manganous  sulphate,  the  method 
possesses  the  disadvantage  that  the  end-point  cannot  be  seen  so 
distiuctly  as  when  no  chloride  is  pgfflont,  simr  fcrric  obtaricta 
forms  a  much  more  ycllow  solution  than  dnes  ferric  sulphate. 
This  difficulty  can  be  ovcrcome  by  the  addition  of  phosphoric 
acid,  as  suggested  by  C.  Reinhardt.f 


TITRATION    OF    FERROUS  SALTš    IN*    HYBROCHLORIC    ACID    SOLUTION. 
METHOD    09    ZIMMERMANX-RKINHARDT. 

From  6  to  S  c.c,  of  the  manganese  sulphate  solution  prepared 
as  described  below  are  atlet ed  to  the  solution,  and  after  diluting 
with  boiled  water  to  a  volume  OÍ  800  c.e.  it  is  titrated  with  potaš- 
siiim  permanganat«\ 

The  manganous  sulphate  solution  is  prepared  as  follows:  (\7  gins, 
rif  rrystallized  mangauou>  sulphate  (MnŠ(>i+4ÍI,( .">)  are  dissolved 
in  600  tO  000  e.<\  <rf  water,  188  e.r.  oř  phosphoric  arid  (of  specific 
gravity  1.7)  and  130  e*c.  of  roncentrated  sulphuric  aeid  (sp.  gr.  1.82) 
are  idded,  and  the  mixture  is  diluted  to  1  liter. 

If  the  iron  is  present  as  ferrie  salt,  it  must  be  reduced  com- 

*  Zeitschr."f.  phyaikal.  Chem.,  28,  33, 

tStahl  inu!  KUm,  1884,  p.  709,  and  Choru.  Ztg.,  13,  323, 
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plHťlv  to  the  ferroufi  oondition  before  it  can  be  titrated  with 
bíioo  pennangac 


THí:   ElBDUCnON  09  fi:i:ki«'  SALT8  TO  PERROUS  SALT9 
can  be  accomplished  in  a  munber  oř  difíerent  ways. 

L  By*  Hydrogm  Sulphuk. 
This  reduotujn  hafl  already  beeo  desoribod  on  page  87. 

2.  By  Sulphur  Di&xiék. 

The  snlutinn  contnining  the  ferric  salt  is  neutralized  with 
sodium  carbonate**  an  cxeess  of  sulphurous  acid  is  addcd 
the  solution  boiled,  and  a  current  of  carbon  dioxide  is  passed 
through  it  unti]  tlii-  exress  of  the  reagent  is  completely  removed.f 
The  redueed  solution  is  then  cooled  in  an  atmosphere  of  Bftrboo 
dioxide  and  titrated. 

8.  By  Metals. 

The  acid  solution  of  the  ferric  salt,  contained  in  a  small  Bafli 
fitted  with  a  Hunscn  vatro,  is  reduoed  by  beating  on  the  w&ter- 
bath  with  the  addiťum  of  small  piecea  of  chemieally-pure  zinc  until 
the  solution  is  completely  eolorless  and  a  drop  of  It,  removed  by 

i ns  of  a  pieee  oí  rapillary  tubing,  will  no  longer  give  any  ookff 
with  potasaiuin  sulphocyanate  solution.  After  coolíng,  the  solu- 
tion is  poured  through  a  funnel  eontaining  a  platinu m  eone  (no 
páper  L  and  the  undissolved  zinc  reniaining  in  the  funnel  is  washed 
several  times  with  boiled  water,} 

Rcmark.^ Since  zinc  often  contains  iron,  a  blank  experiment 
nnist  he  made  by  dissolving  3  to  5  gms.  in  the  samé  way  and  tiira- 
ting  the  solution  with  permanganate,     If  iron  is  present,  as  slmwn 

*  Ferric  šalte  are  not  eom  plete  Iv  reduced  by  sulphurous  acid  in  the  pres- 
ence of  consideroble  hydrwhloric  oř  sulphuric  nnd. 

t  It  is  not  advisablts  to  depead  npnn  thf*  sense  of  smell.  The  escaping 
gas  is  tested  by  passíng  it  through   dilute  sulphuric  acid  containing  a  few 

\ 
OJOpaof  —  KMnO«  solution.     If  the  latier  is  not  decolorizcil  at  the  end  of 

iwo  oř  thrce  minutes,  the  exces*  of  stilphurous  acid  híi>  b©en  MnHJTOd, 

JThe  reduction  by  be  satiflfactorily  accomp] 

a  "  Jones  reductor."     Cf.  Blair,  The  Chemical  Analysis  of  Iron,  p,  95  tt  seq„ 
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by  the  fact  that  a  measurable  amount  of  potassiwu  ponuanga- 
nate  ís  de<  ulumed,  the  reduetion  of  the  ferric  salt  must  be  effccted 
by  means  of  a  weighed  amount  of  ziiic  and  a  eorrertion  made  for 
the  iron.  It  is  self-evident  lhát  123  this  casi*  the  titratioii  must 
not  také  pláce  until  all  of  the  zine  h&a  dissnKrd.  Instead  of  zine, 
cadminm  and  aluminium  are  frequently  ušed* 

Rťrtuirk.—Agtúnst  this  met  hod  objections  can  be  raisech  In 
the  first  pláce,  the  fact  that  a  foreign  metal  is  introduced  into 
the  aolution  is  in  many  cases  unfortunate.  Furthennorc,  by 
means  of  zine,  titanic  aeid  is  redueed  to  TL()3t  ordy  to  be  oxidized 
again  by  the  permanganate  solution,  so  that  more  peniianganate 
solutum  WlB  then  be  requircd  than  corresponds  to  the  amount  <»f 
iron  present.  By  means  of  ILS  or  S(  K,  titanie  aeid  is  not  redueed 
and  there  ís  no  foreign  metal  introduťed  into  the  solution.  Con- 
Bequently,  for  aecurate  minerál  analyses,  it  ís  neeessary  to  use 
one  of  these  methods,  and  in  fact  the  reduetion  by  means  of 
hydrogcn  sulphide  ís  to  be  preferred.  By  means  of  the  lat  tor  the 
ferric  salt  is  completely  redueed,  independent  of  ho\v  lit  tle  or  how 
mueh  frče  aeid  is  present  in  the  solution;  again,  any  metals  of 
the  hydrogcn  sulphide  group  are  preeipitatcd  at  the  samé  time; 
while  finally  it  is  easy  to  reeognize  the  fact  that  the  ev  ■ 
of  the  gas  has  been  removed  by  the  use  of  the  sensitive  lead 
acetate  páper  test. 

4,  By  Stann&tis  Chloride. 

This  method  proposed  by  Zinimermann  and  Reinhardt  *  is 
especially  suited  for  metallurgical  purposes,  because  it  can  be 
fteoompEghad  most  rapidly. 

Prmeipte. — The  method  depeods  upon  the  fact  that  ferric 
chloride  in  hot  solution  is  easily  redueed  by  stannous  chloride: 

ago!  %+  FeCa.  -  2SnC],+  2FeClr 

The  complcte  decolorisatloD  of  the  solution  shows  the  end- 
point  of  the  reduction,  In  order  to  make  sure,  bowerer,  a  slight 
excess  of  stannous  chloride  is  adáed  and  ;iftcrwards  oxidized  by 
means  of  mercurio  chloride: 

SiiO!+2HgCl,  =  SnCll+  HfcCL 

*  Lor.  i  -it. 
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After  this  treatment,  which  consumes  bul  a  few  minutes,  some 
nianganese  sulphate  solution  Ls  added  and  the  solution  imme- 
diateiy  titrated  with  potassium  pennanganate. 

Requiremeiús. 

(a)  Stannous  chloride  solution,  250  gms,  of  stannous  chloride 
are  dissolved  in  100  c.c.  of  concentrated  hydrochloric  acid  and 
diluted  with  water  to  a  volume  of  one  liter. 

(b)  Hydrochloric  acid.  1  part  concentrated  acid  + 1  part  of 
water. 

(c)  Mercuric  chloride  solution,  A  saturated  solution  of  the 
pure  conunereial  salt  in  water  is  ušed. 

(d)  Manganese  sulphate  solution.     See  p.  483. 

Procedr.re. — The  ferric  salt  is  dissolved  in  20  c.c.  of  the  hydro- 
chloric acid  (b)  heated  to  boiling,  the  fláme  removed.  and  the 
stannous  chloride  solution  (o)  is  added  drop  by  drop  until  the 
iron  solution  becomes  colorless.  The  latter  is  then  diluted  to 
100  C.C.  with  cold  distilled  water  and  10  c.c.  of  mercuric  chloride 
(r)  are  quickly  added,  whereby  a  slight  silky  precipitate  of 
HgjClj*  is  formed.  The  solution  is  then  diluted  to  about  500  c.cM 
6  to  8  c.c.  of  the  manganese  sulphate  solution  (d)  are  added,  and 
the  mixture  is  titrated  with  potassium  permanganate  untd  a  pink 
color  permanent  for  one  minuté  is  obtained, 

Example:  Determination  of  Iron  i  ti  Ifcmcttitcf  Fe,0,. — Ahout 
0.25  to  0.3  gm.  of  the  finely-powdered  minerál  is  weighed  out  into 
a  beaker.  3  c.c.  of  the  stannous  chloride  solution  (a)  f  are  added, 
15  c.c,  of  the  acid  (b),  The  beaker  is  covered  with  a  watch- 
glass  and  its  enntents  heated  to  boiling  until  all  of  the  iron  oxide 
has  dissolved  and  a  white  sandy  residue  is  obtained.  This  oper- 
nímu scldwn  raquifeB  niore  than  ten  minut.es.  The  slightly  yellow 
coloref!  solution  thus  obtained  ia  carefully  tmted  with  stammus 
chloride  drop  by  drop  until  it  becomes  colorless  and  the  reduced 
solution  is  analyzed  as  above. 


*Tf  the  precipitate  produced  by  mercuric  chloride  Í8  at  all  grayísh  i  a 
color,  the  portion  must  be  thrown  avay.  too  large  an  excese  of  stannous 
chloride  was  ušed.  Moreover,  tikb  end  pant  with  permanganate  »B  diffieutt 
to  9tf  if  tli.-  BdhlUoQ  OQOtAÍUU  mudi  precipitate. 

i  Um  stranám  chloride  greatlv  t  nhitloa  of  the  hematite, 
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2.  Determination  of  Manganese.     Method  of  Volhaxd.* 

íiMn     3.5J5 


10CK)  ?a\  N.  KMn04t=' 


LO 


10 


16.5  gms.  Mn. 


If  an  almost  boiling,  slightly  acid  ndution  of  manganese  sul- 
phate  is  slowry  treatcd  with  a  Bolutíoo  of  potasMimi  pcrmanga- 
natě,  each  drop  will  cause  the  formation  of  maiigannus  acid 
(lí.MnO;,),  which  išfonned  imder  certain  conditions  accortling  to 
the  following  scheme: 

KaO  Mh207  f  3MnO  =  K.O+  5MnOa 
^2KMn04 

Accortling    to    this  cquatinn,  Iherefore,  2KMnO|  will    oxidize 

3  gm.-atoms  of  manganeBe,  and  ai  1000  e»e.  oí  N,  KMno4  ©on* 
tain  i  gm.-ivml.  KMn04í  evidently  this  amount  of  permanganate 

corresponds  to  -^-r-^16.5  gms.  Mn. 

A.  Guyard,  who  first  determined  manganese  by  this  method, 
assumed  that  the  oxidation  took  pláce  aecording  to  the  foUowing 
equation: 

2KMnOl-f  8MnS04+  7H/)  -líKHSO^  H2SO<+ 5Hr\In<  V 

In  reality,  hmvever,  the  reaction  does  not  také  pláce  in  this 
wav\  but  instead  of  pure  manganous  acid  heing  precipitated, 
different  acid  manganit  es  of  varying  eoniposition  are  formed;  e.gM 

jem 

Mn    0 

4KMn<VMiMnSo4+  1411,0 -4KH804+  TB£Qé+B        J  J>  Mn. 

Mn    0 
V)H 

*  Afin.  der  i  hnu.  um]  Rum*,  1Í#8,  p.  318, 

fStrictly  spe&kíng,  tlie  normality  of  the  permanganate  is  different  wfaaQ 
ušed  to  oxid  i  ze  manganese  in  slightly  ar  id  oř  neiitral  aoltition.     In  this  rase 
the  manganese  of  the  permanganate  is  ti tdliaad  i<>  thetctravalentfortn  iruíi- 
of  to  bi valen t  manganese,  so  that  a  normál  solution  would  now  tontaifi 

— - — '  gms,  instead  of —  gms.    Inasmuch  as  it  ía  customary  to  utand- 

3  5 

ardize  permanganate  in   atronglv  atitd  solution  irrespective   of    th'*  way  in 

which  it  is  to  be  uaed,  we  shall  uiiríerstaod  hy  normál  KMnO,  a  solution 

which  is  normál  in  strongly  acid  aolution. — [Translator] 
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\ "mI3 ifcrd  bafl  .shown  that  if  cakáuxa,  barium,  orř  hetter  slili,  zinc 
te,  are  prezent,  rnunguuites  of  these  metala  are  precipitated. 

The   preoipitAte,    although   varying   in    enrnposition,   contains  all 

of  the  manganen  in  the  tetiravaleni  fom;  e<g., 


4KMn04  +  5ZnS04+GMnS04+14HlO- 

-4KHS04+  7H2SO<+5 


Mn=G 
NO 
/O 

o 


>Zn. 


In  čase  iron  ifi  present,  the  reartion  does  not  také  pláce  quan- 
titatively  in  the  direction  froiu  leít  to  right,  so  that  a  difterent 
procedili^  is  then  necessary. 

(a)  proceduře  when  iron*  IS  ABiSMT. 

\ 
Requirements. — 1.  A  —  potassium  permanganate  solution. 

\  manganese  sul phate solution,  obtaiňed  l>y  dissnlving  4.5318 

gtns.  of  anhyclrous  mangannus  sulphate  in  one  liter  of  solution: 

N 
1  c.c.  of  this  so]utiou=l  cx.  of  —  KMnO«.* 

3.  A  zinc  8ulphate  solution  obtaiňed  by  diasolving  2í)0  gms. 
zinc  sulphate  in  one  liter  of  water. 

4.  Zinc  oxide  suspemled  in  water,  obtaiňed  by  přeci  pit  ating 
purc  zinc  sulphate  by  nieans  of  raustir  pota&b  solution  in  such  a 
way  that  the  solution  does  not  reaet  alkaline.  The  residue  is 
wnshod  several  times  with  hot  water,  then  transferred  to  a  tightly* 
stoppered  bot  tle,  and  kept  suspended  in  water. 

Stfnuhinlizatian  o{  the   Pirmawjahaíf    Sohtíťttn, 
20  c,0,  of  the  manga TH-ř  sulphate  solnímu  are  placed  in  an 
Erlenmeyer  řiask,  40  c.c.  of  zinc  sulphate  solution  and  2  or  3  dropa 
of  riitric  aeid  f   are  atkled,  after  which  the  tnixture  is  dihited  to 

*  štrirtlv  ■pwnVwTg,  tliiá  solution  is  j\  norma).     By  dVtimti.m,  ■       min* 

of  manganese  sulphate  coniain*  *  H:     **=  7.553-:'  >4  in  one  liter.   Bud) 

aflolutiím,  howcvcr,  would  not  be  equiv&l&nt  to  a  KMnO«  solution  which  m 
t^ntli  normál  in  aMěohdicnt    d  foot-not«  bo  pagt  487  í.Trunslator). 

t  The  addition  mi  the  nitru*  add  oauaei  the  pvedpitate  to  se  tile  much 
<juickly. 
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200  c.c,  heated  to  boiling,  and  treated  with  potassium  pennanga- 
natě  solution,  udded  with  constant  shaking,  until  the  supernatant 
liquid  remains  a  permanent  pink, 

Titration  of  Mangan* 

If  a  neutral  solution  of  manganese  sulphate  is  to  be  analyzed, 
the  samé  proceduře  is  ušed  as  in  the  above  standardization,  If 
the  solution  contains  manganous  chloride,  it  should  be  freed  froni 
hvilrochloric  acid  by  evaporation  with  au  exr-ess  of  sulphuric 
acid.  The  acid  solution  thus  obtained  is  neutralized  with  the 
zinc  oxide  until  a  littlc  of  the  latter  remains  suspendcd  in  the 
liquid.     Krom  this  point  the  proceduře  is  the  samé  as  beíore. 

(b)  proceduře  WHEN   IRO\  JS  PHKSENT. 

If  a  hydrochlorie  acid  solution  is  to  be  analyzed  containing  all 
of  the  iron  in  the  ferrie  form,  it  is  evaporated  to  dryness  with  the 
additinn  of  sulphuric  acid,  the  drv  niass  is  moistrncd  with  nitric 
acid  and  warmed  until  complete  solution  is  efféeted  ater 

pari  of  the  acid  is  neutralized  with  BOdium  hydroxide  solution, 
the  solution  plared  in  a  measuring-flask,  and  an  excese  of  the  zinc 
oxide  is  added  whereby  all  of  the  iron  is  precipitated  as  hydroxide. 
The  liquid  is  diluted  up  to  the  inark  with  water,  filtered  through  a 
drv  íiller,  and  an  aliquoi  purt  of  the  filtráte  is  titrated  as  before 
with  potassium  pemianganate  solution.* 

3<  Determination   of  Uranium.     Method   of  BeltiQubek(t 
Zimmermannfí  Hillebrand.j 

1QQ0  aa  N,  KKn04  - jm  —t p  =  1  iag  ^^  tj. 

This  method  is  especially  suited  for  tcsting  the  purity  of  a 

iinri|)itate  of  UgOg  ohtainrd  in  the  analysis  of  uranium  minerals. 
It  is  baaed  upon  the  fact  tliat  whcn  Oji  >H  m  lieated  in  a  closed  tube 
with  dihlte  Mdphurie  acid  at  150°  to  175°  0,  it  m  readily  decom- 
pusrd  ííťconling  to  the  cquation 

{,( >k+  4H,SOé-2U<  >3S(  \+  U(Sí  U3+4H20, 

*  Th«-  íir.st.  iVw  cubic  ífuiirnot^rs  of  lbe  filtráte  should  be  discarded,  for 
the  drv  filter ■ absorbs  amin*  uf  i\\<-  díssnlved  substance. 
iMiini,  f.  prakt.  Qben ..  M,  p.  231. 
J  Ann.  der  Ctam.  u.  Phjym.,  MS,  p.  : 
i  U.  B,  Qěck  Survi  v,  řía  78(18Sb)j  p.  90. 
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forming   uranyl    and    ur:  The   latter   compound 

is  oxidized  to  the  former  by  means  of  potassmm  pennaiiganatc, 

2KMnO,  |  81  (80^+2^0- 

=  2KHS(  ><,+  2MnK04+  H2Š04+  KU  >,S<  v 

From  this  equation  it  followa  that  2  gm.-moLs,  of  KMh04  are  equiva: 

lent  to  6  gnx-atoms  of  uranium,  and  1000  c.c,  N.  KMn04  soluti^n 

V     239  5 
(=^KMnO|)  =  £  gm.-atom  of  uranium  =  —  = — =-*  *=  119.75  gms,  l 

Proceduře. — The  weighed  arnount  of  Ua0H  is  placed  in  a  tube 

oloted  at  one  endT  10  to  15  c.c.  of  dilute  sulphuric  acid  (1:6)  are 

arlded,  and  the  open  end  of  the  tube  is  made  narrower  by  heating 

in  a   blast-lanip  and  drawing   it  out  snmewhat.     The  air  in  the 

tube  is  renioved  by  inserting  a  long  capilíary  so  that  it  reu»  In 

the  botiom  of  the  tube  eontainiug  the  substance,  and  condueting 

a  current   of  earbon  dioxide  through  it;  the  larger  tube  is  finally 

sealed  without  removing  the  capilíary.    The  tube  is  then  heated  in 

a  "bomb  funiace"  at  150-175°  C,  until  evervthiug   has  dissolved 

to  a  clear  green  liquid.     After  cooliiig,  the  tube  is  opened    by 

rnaking  a  scratch  with  a  filé  and  touching  it  with  a  hot  glass  rod. 

The  contents  are  poured  into  a  large  porcelain  dish,  diluted  with 

N 
distilled  water  to  500-700  c.e,,  and  titrated  with  —  KMn04  so]u- 

tion  until  a  permanent  pink  color  is  obtainetl. 

1  c.c.  ~  KMnO,  =  0.01 198  gm.  V  =0.01358 gm.  UO,  oxidized.* 

Retnark. — The  above  method  givcs  ven  exaet  results. 

4.  Determination  of  Oxalic  Acid. 
1000  c.c.  N.  KMnO,- -*^*-^?»45.01  gms.  H/  <  \ 

The  proceduře  is  exactly  the  samé  as  was  deseribed  under  the 
standard  ízation  of  permanganate  by  means  of  oxalic  acid. 

*  It  must  be  remembored ,  howevw,  that  ouly  onc-thínl  of  1  ho  toi  ■)  uranium 
in  Úpu  has  beea  oxid i  zed  by  t  ta  KM n< \  ( UaO, — 2UO,  4-  UO,) .    I  1 1  y , 

uith  rcgairi  to  the  total  uranium,  1  c.c.  ^  KMn04 -0.03593  gm.  U-0.04233 

pm.  U3Oř,— [Translator]. 
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5.  Determination  of  Cafcium. 

1000  c,e.  N.  KMnO,-y  =y-20  gros,  Ca. 

The  calcium  is  preeipitated  as  described  oni  p.  65  in  the  forra 
of  its  oxalate,  filtered,  and  washed  with  hot  water.   The  still  mi 
přeci pitate  is  transferred  to  a  beaker  by  means  of  a  streani  of 
watcr  from  the  wash-bottle,  and  the  part  rernaining  on  the  tilt*-r  j 
removed  by  allowing  warm  dilute  sulphuric  acid  to  pass  throi. 
it  s overal  ti  ni  es.      To  the  turbid  solution  in  the  beakcr,  20  t\c.  óf 
sulphuric  acid  (1:1)  are  addcd,  and  after  dilution  with  hot  water 
to  a  volume  of  from  300  to  400  c.c.  the  oxalic  acid  is  titrated  with 

KMn04  solution. 


10 


1  0.0,  ^  KMn04 -0.0020  gm.  Ca. 


6.  Determination  of  Pb02  in  Minium  [Red  Lead,  Pb^O  J  ■   Method 

of  Lux,* 


1000  c.c,  N.  KMnO< 


PbOa     238.0     llftlR  T>lf, 


Pritwip!e.—I{  lead  peroxide  (PbOa)  is  treated  with  oxalic  acid 

in  acid  solution,  the  lattcr  ifl  oxidized  according  to  the  following 

equataon; 

PbG2+  HaC,04  =  PbO+  H3(  >-f  aa  >2. 

If  the  decomposition  takés  pláce  with  a  measured  ainount  of 
titrated  oxalic  acid  solution  and  the  excess  of  the  latter  is  titrated 
by  means  of  potassiurn  pcrmanganate  solution,  the  dffiflffleDOe 
slmws  the  amount  of  oxalic  acid  neeessary  to  effect  the  reduetion 
of  the  lead  peroxide. 

Proceduře. — About  0,25  gm.  of  minium  (rud  lrud)  b  wcighcd 
into  a  porcelain  dish,  20  to  30  c.c.  of  double- normál  nitric  acid 
are  added,  and  the  lead  oxidr  is  dissolvcd  by  heating: 

Pb804+ 4HNO,  =  2Pb(NG,)2+  H,0+  H2Pb02, 

N 
After  solution  is  effected,  50  c.c.  ■=-  oxalic  acid  are  added,  the 

N 
solution  is  heated  to  boiling,  and  titrated   hot  with  ^-  KMnOé. 

*  Zeitschř  fiir  anal  Chenu,  10,  p.  153. 
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N  X 

If  t  c.c.   -  EMnO|  Bolutíon  nrroe  ušed.  then  SO— I  c.c.  —  H2C204 

were  necessary  for  the  reductioo  of  the  amount  of  Pb<">2  contained 
Id  the  minium  (a  gm.)  taken  for  analysi*. 

Sitice  1000  c.c.  N.  HaCa04=  119.45  EP*  PbQn  then  1(M^  c.c.  — 

I I3C204  =  H^Í?  =  23.89  gms.  PbG2  and  1  c.c,  =0.02389  gni.  PbOř 
o 

< '.'oiisequently 

X 

(50— t)  c.c.  -=■  oxalic  acid  correspond  to  (50— ř)X0.02389  gm, 
o 

PbO|, 

The  per  cent.  of  the  latter  is 


a :  (50  -  0  X  0.02389  =  100 :  z 

(50-ť)X2.389  ,  ™n  ± 

»- = per  cent.  PbO,.* 


7,  Determination  of  Mn03  in  Pyrolusite. 

1000  co.  X.  KMn04  -  -M"'  '*  l&  gms  MnOr 

About  ÚA    gm.  of    finely-povvdered  pyrolusite  ifl  heated  in  a 

N 
flask  with  50  c.c,  -r-  oxalic  acid  and  20  c.c.  sulphuric  acid  (1:4) 
5 

nnti"  no  more  black  particles  remain  undiasolved.     The  solution 

\ 
is  diluted  with  200  C.c.  of  hot  water  and  titrated  with  -_-  KMnOé 

Bolution.  The  reactinn  which  takés  pláce  between  the  manga- 
neee  dioxide  and  the  oxalic  acid  is  expressed  by  the  following 
equatíon: 

MnO,+  H$D4+  H»CA  -  Mn804+  2CO,+  2HjO. 

1  c.c  S  KMn04    0 ,0087  gm,  Mm  v 
o 

Rmnark*—liiBte&á    <>f   reducing  the   manganese  dioxide  with 
Y\r  wád,  a   titrated  acid  solution  of  ferrous  sulphate  can  be 
ušed, 

*  To  express  the  resulta  in  per  cent.  Pb*04,  the  number  2.3S9  should  be 
leplaced  by  6.847— {Translator], 
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1000  c.c.  N.  KMn<V 


=  13,806  grns.  HCOOILt 


8.  Determination  of  Formic  Acid  (Lieben).* 

in  id 

In  cold  acid   solutkms    permanganate  reacts  only  slowly  with 
fonnic  acidt  while  in  a  bot  solutioii  the  latter  ifl  bet  by  volati  li 
tkffl,BO  that  the  titration  in  open  vessols  is  impossible;  in  alknim* 
solutions,  on  the  other  hand,  the  oxidation  takés  pláce  readily  and 
quantitatively  in  the  cold: 

2KMn04  +  3IIC<  K  )II  -  2KHCOa+  CX  »,+  2MnO,+  2H20. 

Proceduře. — The  formic  acid   is  neutralized  by  an  excese  of 

sodium  earbonate,  and  permanganate  li  run  into  the  liot  $  sodium 
formáte  solution  nntil  the  clear  liquid  above  the  precipitate  is 
colored  reddish, 

9.  Analysís  of  Nitrous  Acid  (Lunge). 

1000  cx.  K.KM^~^^-^~«2LflB50nt  lTXOr 

On  account  of  the  volatility  of  nitrous  acid,  the  aqueous  solu- 
tion of  the  nitrite,  or  the  solution  of  nitrous  acid  in  ctmrentrated 
sulphuric  acid  (ni  truse),  is  measured  from  a  burette  into  a  known 
amount  of  permanganate  solution.  whieb  bafl  boen  matle  acid  with 
Bulphurtc  acid,  dihited  to  a  volume  of  about  400  c.c.  and  warmed  to 
40°  C.     The  nitrous  acid  is  thereby  oxidized  to  nitric  acid ; 

2KMn<  >«+  5HX<  >3+  31I,S*  \  -  K,S< ><+  2MnS( \+  3H,<  >+  f)HNOJř 

and  the  deeolorization  of  the  solution  shows  the  end-point. 
Toward  the  end  the  nitmus  :u  id  must  hc  added  slowly,  for  the 
change  from  red  to  colorless  remures  some  time. 

10.  Analysis  of  Hydrogen  Peroxide, 

1000  c.c,  V  KMiit)(.D6-?y?  -17.01  gm*.  11,0,. 

Ten  cubic  centimeters  of  comniercial  3  per  cent,  hydrop-n 
peroxide  are   placet!    in   a    100-c.c,  measuring-flask,   diluted   up 

*  McsmUbefte,  XI  v,  p  74r>,  and  XVI,  p,  219, 

t  In  tvaíity,  the  DOTtnmJ  Bofutiofl  OÍ  formlC  itfkl  would  euntain  }  (not  j\) 
the  rnolcculnr  wríkrht.     Bee  foot*aote  10  pftgG   186. 

t  Ttl€  lit  rutinu  18  made  in  bol  snluttim  beettUM  the  maiigaiious  acid 
formě*  1  doftfl  nut  set  tle  well  from  a  cold  solution. 
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to  the  mark  with  water,  and,  after  thoroughly  mixing,  10  c.c. 
(=1  c.c.  of  the  originál  solution)  are  plaeed  in  a  beaker,  ainl  dilttted 
with  water  to  a  volume  of  300  to  400  c.c.     After  adding  20  to  30 

\ 

c.c.  uf  sulphuric  acid  (1:4),  the  solution  is  titrated  with  —  KMu<  \ 

until  a  permanent  pink  color  is  obtained.  The  fo)lo\ving  reae- 
tion  takés  pláce; 

2KMn04+ 5H  aOa+  4H2S04  =  2KHS<  \  +  2MnS<  \  -f  SlU >+  »  K. 

Frequently  it  happens  that  the  first  ti  rop  of  the  pemianganate 
eauses  a  permanent  coloratkm  of  the  solution.  This  shows  that 
either  not  enough  sulphuric  acid  is  present,  or  else  there  is  no  more 
hydrogen  peroxide  left  m  the  solution.  In  this  čase  a  little  moro 
sulphuric  acid  is  added,  when  if  the  eolnration  still  remains  the 
preparation  is  surely  spoiled,  as  can  be  shown  by  the  titanic  oř 
ehromic  acid  testfl  (ef.  Vol  It  p.  42). 

The  amount  of  hydrogen  peroxide  m  oxpressed  either  as  per 
cent.  by  weight  or  as  per  cent.  by  volume. 

Examplť. — 10  c,e.  of  the  above-mentioned  dilute  solution  of 

hydrogen   peroxide   (=1   c.c.    of   the  originál  solution)    required 

N 
17.86  c.c.  T-:  KMnU4  solution,  corresponding  to 

17.86X0,001701  =0.03038  gin.  H2G2. 
As  the  specific  gravity  of  the  originál  hydrogen  peroxide  solution 
can  be  assumed  to  be  lt  it  therefore  coutains  3.04  per  cent.  H302. 

When  expressed  in  "per  cent.  by  volume"  the  result  shows 
how  many  cubic  centimeters  of  oxygen  can  be  obtained  from 
100  c.c.  of  the  solution. 

In  this  čase  100  c.c.  of  the  hydrogen  peroxide  solution  eon- 
tain  3.04  gms.  of  H202  and,  on  bcing  decomposed,  1  gm.-mol.  HjO, 
sete  free  1  gm.-at.  O: 

H,Of-HtO+0 
34.02=18.02+16, 
or  11195  c.c.  of  oxygen  at  0°  C.  and  760  mm.  pressure;   con.se- 
quently  3.04  gms.  Hž03  will  evolve 

34.02: 11195  =  3.04  :x 

3.04  X 11200 

x  =  -  -  -zn**—  =1000  c.c,  oxvgen  measured  under  standard  con* 
34.02 

ditions  of  temperature  and  pressure. 
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100  c.c.  of  the  commereial  hydrogen  peroxide,  tberefore,  will 
evolve  1000  c.c.  of  oxygen,  i.e.  ten  times  its  uwn  volume.  This 
is  snmewhat  anomalously  designated  as  hydrogen  peroxide  of  10 
per  cent,  by  volume. 

100  c.c.  3  per  cent.  hydrogen  peroxide  =  10  per  cent.  by  volume. 
100  c.c.  6    "        l  u  u         =20    "      "      u 

100  cc.  9    "       u  M  u         =30    "      M      *' 

II,  Analysis  of  Potassium  Percarbonate, 


1000c\r.  X.  KMn04  — 


K.t  \Ofl      198,3      __„  vnrt 

0.25  gni.  potassium  perearbonate  is  weighed  out  into  300  c.c, 
of  cold,  dilute  sulphuric  acid  (1:30) Ť  in  which  it  dissolves  with 
violent  evolution  of  carbon  dioxide  and  formation  of  an  equiva- 
lent  amount  of  hydrogen  peroxide: 

KAP,  +  SH£04  -  2KHSO«+  2COa+ HA, 
and  the  latter  is  titrated  with  potaBefclZB  permanganate. 

12,  Analysis   of    Persulphates    (Persulphuric    Acid,    H.S;0N). 


lDOOec  N.  KHnO 


1       1135.2     u      K 


A  solution  of  persulphuric  acid  does  not  rediiee  peraianga- 
nate,  nor  does  it  reactwith  titanic  acid;  on  the  other  nand  it  oxi- 
dizes  ferrous  salts  immediately  in  the  cold  to  ferric  salts,  and  by 
rneans  of  thifl  behavior  it  can  be  easily  detemiined,  The  unmo- 
nium  and  potassium  salts  are  in>w  commereial  products,  and  are 
analyzed  U  fullnws;  AÍHUit  0.3  gtn.  of  the  salt  is  weighed  mít  into 
a  fiask  fitted  with  a  Bunseii  vaive,  fche  air  is  replaced  by  carb<»n 
dioxide,  30  c.c.  of  a  freshly-titrated  solution  of  ferrous  SUlphfttG 
are  added,  the  flask  is  dosed  and  its  contents  rotated,  The  salt 
dissolves  without  difficulty,  and  the  ferrous  sulphate  is  oxidized: 
1 1  ,S3Os+ 2FeSOí  -  Fe2(S04)f+  H2Si  v 

After  all  of  the  salt  has  dsasolved,  the  nmtents  of  the  flask 
are  cooled  by  placing  t  he  ílask  in  cold  watcr,  and  the  excess  of 

N 
ferrous  salt  is  titrated  with  —  KMn04.* 

*  Ttu*  řoffOUa  lulphftta  RtUft  b©  atltlni  to  the  pcrsulpliate.',  mul  thnt  fcbfi 
bot  watrr,  If  ifat  hot  trftter  ifl  added  iirst,  the  persuJphate  ia  di-oompoted 
eomewhat  nnd  the  mttSti  oUainrd  will  be  lovw 
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In  this  wav  it  is  found  that: 


N 


c.c.  ferrous  sulphate  solutiun  require  T  c.c.  —  KMdO,  solution. 

\ 
30  c.c.  ferrous  sulphate+  a  gni.  pcrsulphate  require  /  e.c.  7-  KMn04 

solution. 

Coasequently  a  gni.  of  pcrsulphate  eoncspond  (o  (T  —  f)  c.c. 


N 
10 


KftfnO* 


In  the  čase  of  the  potasshim  salt,  since  1000  c.c,  N.  KMn04 

N 
=  135.21  gms,  K£fim  and  1  c.c.  —  KMn04= 0.01352  gm.  KSfiší 

we  háve:    (T- 0X0.01 352  gm,  KlS9Oi  in  a  gm.  of  the  commer- 
cial  salt,  oř  in  per  cent. : 

<7:(r-00.01352-100:x 
1.:^21(T-0 


x 


=  per  cent.  KaSaOr 


With  the  ammonium  salt  the  factor  becomes  0.01414  instead  of 
0.01352, 

The  ferrous  sulphate  necessaiy  for  this  deterniination  is  pre- 
pared  by  roughly  weighing  mít  80  gms.  of  crystallized  ferrous 
sulphate  (FeSO^+THJ  >),  dissolving  it  in  900  c.c.  of  water,  and 
diluting  to  1000  c.c.  with  pure  concentrated  sulphuric  acid, 

13,  Deterniination  of  Hydroxylamine  (Raschig).* 

1000  c.c.  N.  KMnO,--^ f^~  ^|Z  ^1^535  gma.  NH,OH. 

Prineiplc. — Hydroxylamine  is  oxidized  in  hot  acid  solutions 
by  means  of  ferric  salts  to  nitrous  oxide  and  water: 

2NH10H  +  0a  =  N1O+3H2«>, 

and  ui  equivalcnt  amount  of  ferrous  salt  is  foru 

2NH10HH-2Fei(3Oi)("4FeS0é+2HaSOá+HJO+NA 

N 
The  amount  of  ferrous  salt  is  determined  by  titration  with — 

potassium  permanganate. 

Proceduře. — About  0.1  gm.  of  the  hydroxylamine  salt  is  p] 
in  a  500-c.c.  nask  and  dissolved  in  a  littk  .<•.  of  a  oold 


*  Aiiu.  ±  Ctem.  und  IMK.n.L,  241,  p.  L9Q, 
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saturated  solution  of  iron-ammonium  ahim  are  addod,  and  10  c.c,  uf 
dilute  sulphurie  acid  (1:4).  The  oontentfi  of  fche  Baak  are  heatnl 
to  boiling  and  kept  at  this  ternperature  for  fivc  minutek,  niter 
which  the  solution  is  diluted  with  disttlled  mtes  to  a  y.him. 
about  300  c.c.  and  inimediately  titrated  with  pcrmanganate 
solution. 

fUmark*—lt  ouiy  slightly  more  than  the  theorctical  amount 
of  the  ferric  Bflll  ifl  added,  the  oxidation  of  the  hydroxylamine 
dnes  not  také  pláce  en  ti  rely  in  accordancr  frith  the  above  etjua- 
tion,  but  part  of  the  substance  is  oxidized  to  nitric  oxide: 

2XlI/>H  +  30«3H,0+2Nu, 

so  that  it  is  then  impossible  to  obtain  exart  results. 

14.   Determination  of  Hydroferrocyaiiic  Acid  (de  Haen).* 

1000  c.c.  N.  KMnOÉ-l  mol.  K«Fe(CN),  -368.84  gms.  S«Te<QN)t 

Principle. — By  oxidation  in  acid  solution,  hydroferricyanic 
acid  ia  formed  froin  hydroferrocyanic  acid: 

2H4Fe(CN)l+  O  =  HaO+  2HsFe(CN)a. 

This  proceduře  is  chiefly  ušed  for  the  analysis  of  potassium 
ferrocyanide  (yellow  prussiatc  of  potash),  so  that  the  C0(QOBEXtr&- 
tion  of  the  permanganate  solution  is  expressed  in  terms  of  this 
salt. 

Procedur*** — 0.9  gin.  of  the  salt  to  be  anály  zed  is  dissolvetl  in 
100  c.c.  of  water,  10  c.c.  of  dilute  sulphurie  arid  are  added,  and 
this  BOhxtioD  is  titrated  in  a  porcehiin  dish  with  permangati 
nutil  a  permanent  pink  color  is  obtained.  It  is  not  ca-v 
to  determine  the  end-point.  On  acidifying,  the  solution  of  the 
ferroeyanide  becotnee  milkv  with  a  bluish  tizige,  and  on  the  addi- 

tion  of  permnnganate  at  fírst  a  yellow  shade  is  ohtained,  ať 
wards  beconung  green.and  finally  on  the  a<Mitíonof  more  pennan- 
ganate  the  color  ehatige>  to  pink.  On  account  of  tlie  diffieulty 
in  detennining  this  point,  de  Maen  recominerids  that  the  pennan- 
ganate  be  staiulardizcd  against  pure  potassiurn  fermevynide  sólu* 
tíQO   (K.FeCCX^i  SB  fll 
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15,  Determination  of  Hydroferricyanic  Acid* 

lOOt)  c.r.  X.  KMn04-l  rod.  K,Fe(CN)f«».69  gms.  K,Fe(CN),. 

Pri napit  -  -The  potassium  ferrieyanide  is  redueed  in  alkaline 
solutkm  to  potaarfum  ferme-yanide,  and  the  latter  is  titrated  with 
permangan&te* 

i  duře. — In  a  300-C.c.  flask,  6.0  gms.  of  the  ferricyanide  aiv 
dissolved  in  watcr,  the  solution  niade  alkaline  with  potassiuni 
hydroxide,  heated  to  boiling,  and  ari  excess  of  a  eotinntrated 
ferrous  sulphate  solution  is  added.  At  first  yellowish-brown 
ferric  hydroxide  is  preeipitated,  Jater  black  ferrous-feiric  hydrox- 
ide is  formed,  and  t his  shows  the  oomplction  of  the  rcaction. 
After  QOQfing,  the  contents  of  the  flask  are  diluted  with  water  up 
to  the  mark,  íiltered  through  a  dry  filter  (after  thoroughly  mix- 
mul  50  e.e.  of  the  filtráte*  (=1  gm.  of  the  substance)  are  taken 
X 
for  the  titration  with  —  KMnC4  solution. 


16-  Determination  of  Chloric  Acid. 

1000  cc.  n.  nut-^»-  }  ifn    ;  NaC1^ 

About  5  gms.  of  potassium  chlorate,  oř  4  gms,  of  the  sodium 
salt,  are  dissolvefl  in  water,  and  the  solution  diluted  to  1  liter. 
After  thoroughly  mixing,  10  c.c.  are  plaoed  in  1  flask  řitted  with  a 
Hiinsen  valvc  and  the  air  expelled  from  the  flask  by  a  current 
<>í  earbon  dioxide.  After  this  50  c.c.  of  a  freshly-standardized 
solntion  uf  ferrous  sulphate  (prepared  as  described  on  p,  i 
are  added.  and  the  solution  boiled  ten  minutes.  The  folio wing 
FBactlOD  takés  pláce: 

KCW  >,  I  61  eSl  \  r  :;I1,S(  ^-Ká+SF^OO^+S^O, 

After  cooling  the  BOlution  is  diluted  with  oold  distilJed  water, 
10  e.e.  of  manganotia  sulphate  solution   are  added    (cf.   p.   48 
and  the  expeffl  of  the  ferrous  sulphate  is  titrated  with  potassíuin 
pernianganate.     We  fiiid  that: 

*  The   Hrst    ten  oř  fiftet-n  cubic  cetitimeters  of  the  filtráte  should  be 
dbcaiffed. 
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N 
50  c.c.  ferrous  sulphate required  T  c.c.  -r-r  KMn04  soL 

1U 


50  c.c. 


Iť  +  10  c.c.  chlorate  sol.  u        t  c.c, 


X 

10 


a  N 

10  c,c.  chlorate solution  =  --^  gm.  substance  =  (T  —  t)c,c.  — KMn04u 

iUU  1U 

For  the  analysis  of  potassium  chlorate  a  gm.  of  the  substance 
contain  (T— 0X0.2043  gm,  KOOs,  and  the  per  cent.  present  is 

20.43X(T-0 

— '  =  per  cent. 

The  calcidation  for  sodium  chlorate  is  analogous. 

17.  Determination  oř  Nitric  Acid  (Pelouze-Fresenius). 


1000  c.c.  N.  KMnO.-^^t. 


21.02  gma.  HNO, 
33,73     *     KNO, 


This  method  depends  upon  the  fact  that  on  heating  a  nitráte 
in  the  presence  of  considerable  hydrochloric  acid  and  ferrous 
chloride  the  latter  is  oxidized  to  ferric  chloride  and  the  nitric  acid 
is  reduced  to  nitric  oxide: 

2KN0,+  6FeCl,+  8HCl  =  2Ka  +  2NO+  4H,0+  OFeCl*. 

As  a  measure  for  the  amount  of  nitráte  reduced  we  háve: 

1.  The  excess  of  ferrous  salt. 

2.  The  ferric  salt  produced, 

3.  The  nitric  oxide  formed. 

The  method  of  Schlosing-Grandeau  described  on  p.  360  is 
based  upon  the  measurement  of  the  nitric  oxide  formed.  C.  D. 
Braun  *  estimates  the  amount  of  ferric  salt  formed,  while  Pelouze 
and  Fresenius  determine  the  amount  of  ferrous  salt  not  ušed  up 
in  the  raiuetion  of  the  nitric  acid. 

Proceduře. — A  weighed  amount  of  iron  wire  (about  1.5  gms.) 
is  placed  in  a  long-necked  řlask,  and  the  uir  cxpelled  by  passing 
a  curreut  of  pure  carbon  dioxide  through  it  for  two  or  three 
minutes*  After  this  30  to  40  c.c.  of  pure,  concentrated  hydro- 
ohk>rie  acid  are  added  and  the  fliLsk  ie  plaoed  in  an  inclined  p 
tion  and  dosed  by  means  of  a  rubber  itopper  through  which 
tubes  pass  so  that  a  current  of  c&rboD  dinxidr  ran  be  conducted 

*  Joum.  f.  prakL  Chern,,  81  (186G),  p.  421. 
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through  tlie  flask.  The  BOlutíoD  is  heated  on  the  water-hath 
in  this  atmosphere  of  carbon  dioxide  until  the  iron  has  c< 
pletely  dissolved,  when  the  solution  is  allowed  to  oool  in  a  cur- 
rent  of  the  gas.  Meanwhile  about  0,25  to  0.3  gm.  of  the  nitráte 
ÍS  weighed  out  in  a  small  glasš  tube  dosed  at  one  end;  tliis  is 
thrown  into  the  acid  solution  of  the  ferrous  sulphate  and  the  flask 
quirklv  dosed  again.  The  flask  is  then  onee  more  placed  in  its 
inclined  position  upon  ihe  water-bath  and  heated  for  fiíteen 
mimites,  while  the  current  of  carbon  dioxide  is  continually 
paeeed  through  it.  The  tube  through  which  the  gas  leaves 
the  flask,  during  the  whole  operát  ion  7  dips  into  a  beaker  filled 
with  water  so  that  there  is  no  chance  d£  anv  air  getting  back  into 
the  flask.  After  this  the  solution  is  heated  to  boiling  and  kept 
there  until  ttfl  dark  oolor  disappears  and  the  yellow  eolor  of  the 
ferrie  chloride  hecoi  nes  apparent.  In  order  to  make  sure  that  the 
nitric  oxide  is  entirely  removed.  the  contents  of  the  flask  are  boiled 
five  minutes  longer  and  then  allowed  to  OOo]  in  tlie  atmosphere 
of  carbon  dioxide,  When  eoM  the  solution  is  poured  into  a 
beakerf  the  flask  washed  out  with  a  lít  tle  boiled  water,  the  solu- 
tion is  diluted  to  a  volume  of  about  400  to  5(X)  c.c,  10  c.c.  of 
manganese  sulphate  solution  are  added,  and  the  unoxidized  iron 

Ls  titratetl  with  g-  KMnO<  solution. 

The  arnount  of  pnre  iron  present  in  the  wire  ušed  is  deter- 
mined  under  the  samé  conditions  as  prevailed  during  the  pre- 
vinií  a  ion,  using  a  smaller  portion  of  wire  but  the  samé 

amount  of  acid,  manganese  sulphate,  etd 

The  ealculation  is  as  follows; 

If  a  gm.  of  j>otassÍum  nitráte  and  p  gin.  of  the  wire  were  ta  km  f<  >r 

N 

the  aualysis,  /  c.c.  of  77  EOfnOj  were  required  to  oxidi;«    the  -  \cess 

of  iron.  and  forther  p  gm.  of  the  wire  reqiure  T  c.c,  of  -  KMnU4 

solution,  we  háve,  then: 

N 

pgm.  iron . . require  T  c.c.  —  KMn<  \  solution 


pgm,  iron  +a  gm,  aaltpeter. 


I  c.c.  *  KMnO, 


and  a  gm,  sallpeter      = 


(7  -Oe.c.  ^KMn04, 
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so  that  a  gm.  of  saltpeter  eontain  (3F  — í)X0.0168t>5  gin,  KNOn 
and  in  per  cent, 

=per  cent.  kNOa.* 

Remark. — Tlús  met  hod  gives  results  just  as  accurate  as  Vhsme 
obtained  by  the  niethod  of  Devarda,  but  the  latter  determinn: 
is  much  easier  to  carry  out. 

The  detennina t  ion  becomes  simpler  if  the  contents  of  the 
iron  wire  is  assuined  to  he  99.7  per  cent.  Fe  and  the  Becond  titra- 
tion  thus  doně  away  with.  It  does  not  také  long  to  inake  the 
analysis  of  the  wire,  however,  and  it  is  advisable  to  do  it.  Instead 
of  ti  tra  ti  ng  the  exeess  of  the  ferrous  salt  with  pota&áum  perman* 
ganate  solution,  a  solution  of  potasshim  d  i  chromáte  may  be  ušed. 
Fór  the  determination  of  the  ferric  salt  formed,  cf,  p,  532, 


18.  Determination  of  Vanadium. 

-9.12  gms.  V  A* 


N 
10' 


20 


1S2  1 
2U 


Sulphur  dioxide  is  conducted  into  the  hoiling  solution  of  an 
a  lkali  vanadate  containing  sulphuric  ackl  until  the  solution 
appears  a  pure  blue;  by  tlús  means  the  vanadic  acid  is  redueed 
to  vanady  1  salt: 

\V>s-f803  =  S01+V3Ui. 

The  boiling  Efl  nmťniiiod  and  a  eurrent  of  carbon  dioxide  is 
passed  through  the  solution  nutil  the  escaping  gas  will  no  longer 
decolorize  a  solution  of  potassium  permanganate,  showing  that 
the  excess  of  the  sulphur  dioxide  has  bcen  expelled.  The  bot 
solution  is  then  titrated  with  potassium  penrianganate  until  8 
permanent  pink  color  is  obtained.  The  end-poínt  is  easily  recog- 
nized  only  when  the  solution  is  hot.  This  accurate  detenm 
tbn  is  ušed  for  the  analysis  of  vanadium  in  iron  and  steel,  or  in 
ores,     (Cf.  p,  238,) 

*  Of  courat*  thi*  culrulatíon  can  be  matle  íruin  \\w  nmount  of  ifQB  n\i- 
ized.     In  that  tase: 

ip-(X0.2R)KSiK 

and  i  a  per  cent. 

HHK/>-fX  0.281  KXQ, 
3Fe  o 


!  gms.  KNO,  in  a  gm.  of  substance, 


1  =per  cent.  KNO,. 
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R,  Potassíum  Dichromate  Methods, 

Dcterminaíion  of  Iron  accurding  Bg  thv  Mtthod  of  Penny. 

1000  c.c.  N.  KJOrfiT—t  grn.-at.  Fe-56  gmt,  l'V, 

Prinnple, — If  a  solution  of  a  ferrous  salt,  in  either  hydrochloric 
oř  sulphuric  acid,is  treated  with  au  alkali  chromáte  solution,  the 
chromáte  Íš  at  unce  reduced  in-  the  čokl  and  the  ferrous  salt  is 
oxidized  quantitath  ely : 

KjCrfi7+  6FeS04+  8H2S04  -  2KHSOJ- 

+  0,(804),+  3Fe1(SO,)s+  7HaO 
oř 

K2Cr207+  6FeCl,+ 14HC1  =2KC1+  2CrCl,+'6FeC]|+  7H,0. 

On  aceount  of  the  formát  ion  of  the  chromic  salt  the  solution 
beeomea  emerald-green  in  color. 

The  end*poÍnt  of  the  reaetion  is  dctermined  Ivy  removing  a 
drop  of  the  solution  and  testing  it  with  a  freshly-p  řepa  red  solu- 
tion of  potassium  ferricyanide;  if  no  blue  coloration  is  formed, 
the  ferrous  salt  has  been  completely  oxidized. 

X 

The  —  potassium  dichromate    "lutioB  necessary  for  tliis  titra- 

tion  may  be  prepared  by  dissolving      2    2   7~4»9QS  gms.  of  the 

salt  t  puriřled  as  described  on  p.  37,  and  dried  at  130°  C.  It  is  not 
advu&Ue  to  remove  the  last  traees  of  moisture  by  melting 
the  salt,  for,  either  by  overheating  or  by  means  of  the  dost  of  the 
air,  there  is  some  reduction  of  the  chromáte,  so  that  subsequently 
i  turbid  solution  will  be  obtained,  t-ontaining  smáli  amounts  uf 
maupeoded  Otfi* 

Mtthtuí  of  Titmtum.—Tu  the  acid  solution  of  the  ferrous  salt 
<  ontained  in  a  beaker  (with  about  OJ  to  0.15  gm,  iron   in    each 

\ 
M>0  o.ej  the  solution  of      -  K.,Cr207  is  added,  preferably  from  a 

glass-stoppered  burette. 

From  tírne  to  time  a  drop  of  the  solution  is  removed  on  the  end 
of  a  glass  stirring-rod  to  a  white  porcelain  plate,  and  placed  beside 
a  drop  of  a  not  more  than  2  per  cent.  solution  of  potassíum  ferri- 


DETERMINATION  OF  MANG  A  NESE  IN  IRON  AND  STEEL     5°3 

cyanide.*  By  nieans  of  a  shrring-rod  one  solution  is  matle  to  nin 
iBto  the  other.  If  considerable  ferrous  salt  remains  in  the  solu- 
tion, the  blue  eolor  will  be  fornied  iminediately,  but  in  pxopcp- 
lion  as  the  ferrous  sáh  fa  replaeed  by  ferric  salt,  a  bluish-green 
color  is  obtained,  perceptible  at  the  ji  met  ion  "f  the  tWG  solutiotis. 
As  soon  as  no  more  bluish-green  coloration  is  to  be  delerted  the 
reaction  is  contplete.  to  all  caaOB  the  analysis  is  matle  in  dupli- 
eate,  and,  other  ihings  heing  eqiial,  the  BOOOnd  detennination 
shoukl  be  the  more  aeeurate.  This  time  it  is  possible  to  add 
almost  the  whole  of  the  required  aniount  of  bichromate  at  onec, 
and  for  the  testing  not  more  than  two  oř  three  drops  of  the  diliite 
solution  of  ferrous  salt.  The  loss  of  ferrous  solution  will  then  be 
inappreciable. 

fiflMřfe — The  díchromate  method  is  slightly  less  armrate 
than  the  pennanganate  method,  but  it  possesses  the  advantage 
that  a  solution  of  a  ferrous  salt  containing  hydroehloric  acid  can 
be  titrated  without  the  addition  of  niangauese  sulphate,  even 
when  the  solution  is  turhid  with  suspended  insoluble  salts,  film- 
of  filter-paper,  etc.  In  turbid  solutions  it  is  difncult  to  recognize 
the  pennanganate  end-point.  A  further  advantage  B«  in  the 
faet  that  the  normál  du-hromate  solution  ran  be  readily  pre- 
pared  by  simply  weighing  out  the  required  aniount  of  the  [ture. 
dry  salt,  and  diluting  the  aqueous  BobttioQ  to  a  volume  of  1  liter. 
It  is  then  unneeessary  to  test  the  conceiitration  in  any  other  way. 

Determination   of   Manganese    in   Iron   and   Steel.     Method   of 

J.  Pattinson.f 

Principte. — If  a  solution  containing  iron,  manganese,  and  eal- 
cium  salts  is  treated  with  "chloride  of  linie  "solution,  allof  the  iron 
and  manganese  are  precipitated,  the  latter  in  the  form  of  its 
hydrated  dioxide.  The  whole  preeipitate  is  dissolveil  in  an  aeid 
ferrous  sulphate  solution  of  known  strength,  and  the  excess  of  the 
latter  is  titrated  with  diehromate  solution: 

*  Tho  p<>t;i*sium  ferricyanide  musí  be  ftbeokltely  íree  from  famcyanidt; 

and  M  the.  fonutr  ía  readily  redueed  by  the  dust  of  the  air,  tfa  Mirta*  e  of 
the  salt  should  be  washed  oťt  severní  tiíms  *Wl  wator  bcfore  dijwolvine  it 
for  the  lest  autu  lion. 

t  Journ.  of  the  Chcm.  Soc.  (1879),  p.  * 
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Mn<  >,+  21  e<  |  -  Fe203+  MaO, 


1000  c.c.  N.  K2Cr2Q7=  lFe  = 


Mu     58    rt„  _  ., 

—  =  —  =  2/,ogms,  Mn. 


Pntruhm-.  —  5  gma  *  jf  the  iron  or  steel  (oř  1  gm.  of  ferromanga- 
Deee)  ii. ■  diesolved  in  hydroehioricacid,  the  solution  oxidized  with 
nitric  ewád,  evaporated  to  a  BmaQ  volume,  poured  in  a  100-e.e, 
meaeuring-flaek,  and  dihzted  up  to  the  mark  with  waten  After 
thoroughly  niixíng,  20  e.c.  of  the  solution  are  placed  in  a  large 
beaker  (of  about  1  acity)  and  neutralized  with  pure  cal- 

ťiuni  earbonate.  The  earbonate  is  added  in  sinali  purtions  until 
the  solution  íimdly  becornes  a  dark  brown  but  still  remains  clear, 
After  tlús  50  c.e.  of  "chloride  of  Ume'*  solution*  are  added,  aiid 
more  cafcíum  carbonate  with  constant  stirring  until  finally  a  little 
of  the  latter  remeina  undiasolved.  To  the  alimy  contents  of  the 
beaker  7<>0  c.f\  of  hot  wuter  are  added,  and  after  stirring,  the  in- 
Boluhle  reeldue  is  allowed  to  settk\  whieh  requiFea  but  two  or  three 
minutes,  If  the  supernatant  liquid  is  violet,  on  account  of  the 
formatiím  of  ruku  um  permanganato,  one  or  two  drops  of  aleo- 
hul  are  added,  the  liquid  boiled,  and  the  preeipitate  again  allov 
to  srttlr:  in  this  rast-  the  upper  liquid  should  be  colorlees.    If,  per- 

chann\  it  should  im  still  colorcd,  the  treatiticnt  with  the  aleohol 
must  \u-  r<  peated.  The  clear  solution  is  then  deeanted  through 
iher  whieh  is  placed  in  a  funnel  containing  a  plat  i  nu  ni  eone  and 
tnected  with  a  suction  flask.  The  predpitate  is  deeanted  with 
300  i-.r.  of  bot  water  four  thnes,  then  transferred  to  the  niter 
withoul  making  au  v  attempt  to  rámova  the  last  poftíone  of  the 
přeci  pit  at  o  froin  the  sides  of  the  beaker,  and  washed  with  the 
Mul  of  Mirtinn  until  the  filtráte  will  no  longer  turn  iodo-stareh 
páper  blua  The  precipitate  together  with  the  fiher  is  then  placed 
i n  si  al  beaker  in  whieh  the  preeipitation  took  pláce,  BQ 

of  :t  freshlyHftandaniifled  ferrous  ftulphate  solution  oontainmg  sul- 
phuricacid  are  added,  and  the  liquid  isstirred  until  the  precipitate 
has  entirelv  dissolvedtf  toaving  behind  the  nltcr-papcr  and  SOtne* 
tiines  sinali  amounts  of  undissolved  calcium  sulphato,     The  ex- 

♦  Tn-píímt  hj  ifatáaglfl  giw-of  Fresh  bteaóhfag  powder  with  11 

and  idlowing  tfae  mixiiire  to  stand  until  the  supernatant  solution  is  clear. 

f  If  tln*  preópiteto  should  not  i  oinpHelv  dissulve,  a  little  sulphuric 
aeid  (11 )  \ě  idded  until  the  brown  oolor  entirelv  disappeare. 
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cess  of  the  ferrous  sulphate  is  titrated  with  potassium  dichro- 
niatc  Bolution,  In  order  to  Oompeneate  M*y  enw  that  may  arise 
front  the  presence  of  the  filter-paper,  an  equally  laige  íilter  is 
placed  iii  the  ferrous  sulphate  solution,  when  it  b  stundardized. 

The  calculation  is  simple: 

Assume  that  a  gms.  of  steel  are  dissolved  in  100  &e.  of  the 

solution  and  of  this  20  c.c.  í  =rgms.  steel  J  werc   taken  for  the 

analysis;   further,   50   c,c.    of   ferrous   sulphate  solution  *=T 

\  a 

—  K3Cr30T  and  50  c.c,  ferrous  sulphate-h  =- gms.  substance  =  ťc.c. 
10  o 


IQ  K2CraOr 


a  N 

ConseQJLiently-gins.stdist:mf('-(r-ř)  c.c.—  K2Ci  <  K. 


5° ~~       "*     v*     ''~""10 

Since  1000  c.p.  N.  K3Cr3<  >7  solution  «27.5  gnis.  Mn,  then  1  c.c 

10 


K3Cr307  will  correspond  to  0,00378  gm.  Mn,  and  we  háve 


(T— ř)X0.00275  gm.  Mn  m  -  gms.  steel  and  in  per  cent. 


(T-  0X1.375 


=  per  cent,  Mn, 


Remark. — According  to  the  author*s  experience,  this  method 
ís  one  of  the  best  for  the  determination  of  manganese  in  iron  and 
steel.  As  regards  the  time  required,  four  determinations  ean  be 
earried  out  together  within  lam  hours.  Au  attempt  has  Lem 
tuade  to  improve  the  method  by  filtering  off  the  niter  fibres  and 
in-uhible  calcium  sulphate  and  titrating  with  permanganate, 
This  is  not  an  improvement,  huwevcr,  for  tirne  is  consimied  by 
the  filtrát  ion  and  this  gives  an  oportunity  for  sonie  of  the  fer- 
rous sulphate  to  beoome  oxidized,  eg  that  the  advantage  of  ob- 
ijMntng  í\  sharper  end-point  tloos  not  give  lise  to  more  aceurate 
results,  but  quite  the  contrary. 


C.  Iodimetry. 

The  fundamental  reaeťion  of  iodimetry  is  the  following: 

JX^SJ^-f  II=2Nal  +  NaíS4Or 

If  to  a  solution  containing  an  unkuown  aniount  of  iodine  a 
little  staře h  solution  is  added,  and  soíhum  thiosulphate  solution 
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:s  run  in  from  a  burette,  thc  bloe  color  will  disappear  from  the 
solution  as  soon  as  the  iodine  has  all  bcen  rcdueed  to  hydriodic 
ackl  (sodium  iodide)  in  aecordance  with  thc  áb  lation.    This 

reaction  is  considered  the  most  sensitive  reaction  iised  in  analytical 
chemistry.  lf,  therefnre,  a  sodium  thiosulpliatc  solution  of  known 
strength  is  at  hand.  we  háve  a  means  of  determining  not  only  iodine 
iteetfj  but  all  of  thosr  substance?  (oxidizing  agente)  which  when 
toeated  with  potaasium  iodide  set  frče  iodine,  cn  evolve  ohlorma 
when  acted  upon  by  bydrochloric  acid,  Conseípiently,  iodimetric 
processes  are  not  only  aceurate  bnt  capable  of  most  generál  appli- 

N 

A  -sodium  thiosulphate  solution  and 


For  most  analvses  a 


10 


ca  t  ion. 

N 
a  —  iodine  solution  are  required,  and  starch  solution  as  indica- 

\ 
tor.     In  some  few  cases  -—  solutions  are  ušed. 

lvH.Í 


Preparatíon  of  Sodium  Thiosulphate  Solution. 

From  the  above  equation  it  is  evident  that  1  gm.-at.  1  =  1  gm,- 
mol,  Na3S303=l  gm.-at.  H.  Hence,  exactly  ^  gm.-mol.  of  crys- 
tallized  sodium  thiosulphate  (Na^SjOa+SHjO)  must  be  taken  for  1 
liter  of  tenth -normál  solution.  Such  a  solutioUj  howe-ver,  would 
rapidly  change  in  concentratkm,  some  of  the  salt  being  decomposed 
by  the  action  of  the  carbon  dioxide  in  the  distilled  water; 

1 .  \a,SX>,+  2H3COs  - 2NaHCOl+  H£A, 

and  the  solution  would  beoome  Btranger,  far  the  sulphurous  acid 
formed  reacts  with  more  iodine  than  the  corresponding  amount 
of  thiosulphate : 

HjSO^  21+  H20  -2HI+  HJ904. 

After  all  thc  carhonic  acid  in  the  disttikd  water  has  been  ttsed  up, 
the  solution  can  be  kept  for  monthx  trithout  suffiriht/  on  appreoUbtš 
change  in  roun  nírotion  (BBB  }K  .510), 

*   A  large  amount  «»f  the  thiosulphate  solution  (about  5  liters) 
is  prepared  by  roughly  weighing  out  the  required  amount  of  the 
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commercial  salt  *  and  after  standing  for  frooa  eight  to   fourteen 
days,  the  solution  is  standardized  by  one  of  thc  folio  wing  methods. 

Standardization  of  Sodium  TMosulpfaate  Solution. 
I,   With  Pure  lodím. 

Commercial  iodine  is  containinated  with  chlorine,  bromine, 
watcr,  and  somctimes  eyftBOgen;  it  nuist  be  purificd.  Fot  fchifl 
purpose  5  or  (i  gdoa,  of  the  eommereial  product  are  ground  lip  with 
2  gms.  potassium  iodidet  and  any  ehlorino  oř  brnnúne  pTOCOt 
forms  with  this  potassium  chloride  or  bromid**,  setfmg  hm  an 
ri|iiivalent  amount  of  iodine.  The  mixture  ís  placed  in  a  dry 
beakcr,  B  (Fig.  73),  OÍ  about  900  '('.  rapacity  And  upon  the  bcaker 
ifl  placeni  the  bolb-tube  A',  \vhich  is  dosed  at  one 
end,  The  latter  is  filled  with  water  at  the  ruom 
t<  mperature  and  the  glass  is  surrounded  with  an 

i  štos  cylinder  (not  shown  in  the  illustration). 
He  beaker  is  then  placed  on  wire  gauze  and  heated 
over  a  small  fláme.     The  iodine  sublirnes  rapidly  ij^1 

and  eollcrts  as  a  erystalline  crust  on  the  bot  tom 
of  the  bulb-tiibc,  and  practically  none  of  it  is  lost. 
As  soon  as  the  o  volut  ion  of  violet  vajjors  from  the 
bottom  of  the  beaker  has  praetically  eeased,  the  sublimation  is 
complete.  The  fláme  is  removed ,.  and  af  ter  allmving  ti  i  cool ,  t  he  bulb- 
tube  K  is  removed  with  the  iodine  adhering  to  it.  In  order  to  rvu 
the  latter,  a  current  of  cold  water  is  condueted  throiigh  the  tube  a 
into  thc  bulb  and  out  at  b.  This  eauses  the  glass  to  contract 
somewhat  and  the  wholc  of  the  iodine  crust  can  be  removed  by 
lightly  pushing  it  with  a  clean  glass  rod.  It  is  caught  upon  a 
watch-gl&ss,  broken  up  into  large  picces,  and  the  sublimation  is 
repeated  without  the  additionof  potassium  iodide  at  as  low  a  t»m- 
perature  as  possible;  in  tliis  way  a  produet  free  from  potassium 
iodide  is  obtained.  Thc  iodine  thus  propared  is  ground  somewhat 
in  an  agatt*  nmrtar  and  dried  in  a  desiceator  containing  ealrium 
chloride,     lf  dried  over  sulphuric  aeid,  some  of  the  latter  is  li  ke!  v 

*  Tlie  molecular  wcight  of  NajSjO,  -f  5ÍLO  is  2I&32.     To  prcpare  1  liter 

N 
of  —  sólu tit ni  1M.K32  gnis.  of  the  salt  are  necessaiy,  oř,  in  round  numbers; 

25  gms.     For  5  litera,  125  gms,  should  bc  weighed  out 


FW.  73. 
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to  be  present  in  the  iodine.     Furthermore,  the  cover  of  the  i 

tor  tnust  not  be  greased,  forgrease  \m  attaoked  by  Iodine  V4poi9, 

forming  hydriodic  edd,  which  ooight  cause  contaminatíott 

Tke  Weighing  Ouí  o}  úu  Todíne, — In  each  of  two  oř  í1 
small  w«ghing-tube3  witb  fightly-fitting  gtoas  stoppem  are  placed 
2  tu  2  i  gms.  of  pure  potassium  iodide  free  from  iodate  and  \  c.e, 
of  water  (not  more),  the  tubes  are  fetoppered  and  accurately 
weighed  by  the  tnethod  of  swingp.  The  tubee  are  fchen  oponed, 
n,4-o. 5  gm.  ol  pure  iodine  ta  added  to  each,  the  tubes  are  quiekly 
atoppeved  and  aiíítin  weighed;  the  diference  sborna  the  amount 
of  iodine.  The  iodine  dissolves  alniost  instantly  in  the  concen- 
trated  potaaaiiun  iodide  solution.  One  pf  the  tubes  b  then  placed 
in  the  neck  of  a  500-e.c.  Erlcnrneyer  Sask  which  is  held  in  an 
Lnclined  poútion  and  eontaioa  200  o*c,  of  water  and  about  i  řrm. 
ol  potassium  iodide,  Tlie  tube  is  dropped  tO  the  bottnm  of  the 
Baak,  but  jmrt  as  it  begins  to  fall  the  Btopper  is  removod  and  allowed 
to  íoilow  it.  In  this  way  thcre  is  no  iodine  los  l,  which  wQI  be 
the  čase  if  the  contents  of  a  tube  an-  washed  into  the  water.*  A 
solution  m  thua  prepared  oo&ttuaíog  a  known  amount  of  iodine 
aul  to  it  the  sodium  thiosulphaío  solution  b>  he  statidardized 
i>  added  froin  a  Mohr  burette  until  the  liquid  is  pale  yellow 
in  color.  Now,  2  or  3  cc.  of  stareh  solution  are  added  and  the 
solution  carefully  titrated  until  it  boooom  coloriesa.  From  the 
inean  of  two  or  three  detcnniiiationst  the  strength  of  the  thio- 
sulphate  solution  is  caleulated.     Fo?  examplet  it  was  foimd  that 

(a)  0.5S39  gin.  iodine  required  50,07  cc.  Na^ŠjOs  solution, 

oř  l  C.C.** 0.011661  gin.  iodine. 

(6)  0.5774  gm.     "  "       49.42  e.c,  Safiji  \  solution, 

oř  1  c.e.  -0.011683  gm.  iodine. 

Thetnean  valueis  1  Dfc.  ■•0.011672  gm.  iodine. 

If  this  number  is  divided  by  th**  amount  of  iodine  which  would 
be  eontained  in  1  c.c.  of  normál  iodine  solution,  the  normál  it*/ 
of  the  sodium  thiosulphato  solution  will  be  ohtained.     Thus,  in 

this  čase  the  solution  ts  íwll     '7=0.09201  normál. 
U.iM  Jo  v  i 

*  Wn^m-r  lirsl  culltd  attesfttOQ  to  this  íaet,  and  it  haa  been  cotilinued 
w  the  autboťa  lobor&fcM 
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2,  W-Uk  Potaumum vBiiofaU  U\  Thm}.+ 

If  a  sólu  t  ion  of  pntassium  hiiodate  is  added  tu  a  solutiou  of 
[cfassiiiíti  iodide  containing  hydrochloric  acid,  the  folio  wing 
reaction  takés  pláce: 

KIO3HIOs+10Kl+llHC!=llKCl-h6H2O+   121 

389.86  1522.2 

If,  therefore,  3.24SS  pne  i  ■  -A-   j  of  pure  pot&B&áum  hiiodate 

are  cnntainod  in  ono  liter  of  the  aqufOUfl  soluťnm,  10  cd.  OÍ  such  a 
BaLutioa  on  beiog  treated  with  an  exress  of  potaaahxm  iodide  and  hy- 
drochluric  acid  will  set  frče  exactlv  a?  much  iodine  as  would  be  con- 


Hv  meatisof  such  a  eolution 


\ 
tained  m  10  cc  of  —  Lodmesolution, 

a  known  amount  of  iodine  niay  be  obtainctl  at  anv  time  and  in 
this  way  thfi  solutíon  of  todiímthiosuiphatc  may  hcslaiidaidiiadL 
At  preocnt  it  is  pofleibto  to  oblátu  oommeroíally  verv  pure  potas- 
sium  hiiodate,   hut  the  product  is  seldom  pure  cnough  for  the 

preparát  ion  of  a  —  solution.     It  is  better  to  prepare  a  solutiou 

by  weighing  aut  3,2488  gms.  for  l  liter  and  detcrminin£  the 
concefitration  amirately  by  titrnting   i  i  ta  solutiou  of 

thiosulphate  whieh  has  been  frcshly  standard  i  zer  l  airainst  pure 
bdine.  In  tiiis  way  i  solul i. mi  is  obtaiitcd  whieh  ran  be  con- 
vcuiently  useil  from  time  to  time  for  testing  the  coneentration 
of  the  thiosulphate  ftohition* 

Mťtkod  of  TitnsHng.—OtnE  oř  fcwo  Krtíma  of  pure  potaasiuni 
iodide  are  placet!  in  a  heaker,  dissolved  in  as  tittle  water  as  possible, 
and  to  this  5  c.c.  of  hydroehlorie  aeid  (1  :  ó).  and  thtii  2(1-25  c.e. 
of  the  biiodate  solufioii  are  added  (nevěr  in  the  reverse  order). 
Iodine  ia  liberated,  immediately  and  iniantitativoly.  After  dilution 
with  about  200  0.0,  of  distilled  water  and  the  iodine.  is  titrated  as 
\n\i\vr  1. 

3 .  With  Pot  a  w }  y  m  PetWú  ti  (jo  n  aU  (l  \  >lh  r :  rtí) ,  f 

On  adding  potaastWQ  pcrmanganate  BoiutlQfl  to  an  neitl  sólu- 
tion   oontainiog  potaaeáum  iodide,  the  permauganatc  is  rednced 

•Zeilnchr.  f.  mml  Chrni,,  XVI  (1877),  p.  177. 
t  Aou.  d.  Chem.  u.  ťhami.,  242,  p.  98. 
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to  manganous  salt,  whilc  an  equi  valen  t  amount  of  íodine  is  set 
free  íroni  the  iodide: 

2KMn04+  lííKI-f  16HCl  =  12KCI  +  2Mnai+8HaO+10L 

If  an  accurately-standarclized  sólu t  ion  of  potassium  perman- 
ganate  ía  at  hato i,  it  ran,  thcrefore,  hv  usrd  advftntagsouaty  for 
the  síandardization  of  the  sodium  thiosulphate  solution.  The  pro- 
cedurc  is  the  samé  as  was  described  with  the  potassium  biiodate 
solution. 

4.  With  Potassium  Dichromatc* 

Similarly,  an  acid  solution  of  potassium  iodide  will,  In  the 
cold,  quanťitatively  reduce  chrom  ic  acid  to  green  chromte  salt, 
setting  free  an  equivalent  amount  of  iudine: 

K2Cr307  +  6KI+UHCl  =  SKCl  +  2CrCls+THsO+6L 

By  wei^hing  ont  4.908  gms.  of  pure,  áiy  potassium  dirhro- 
mate  a  tenth-normal  solution  is  prepared  and  a  measured  amount 
of  it  is  added  to  the  acid  solution  containing  potassium  iodide.  In 
this  čase,  however,  the  solution  is  diluted  with  500-600  o.c«  of 
water,  for  here  the  color  change  is  not  froin  blue  to  colorless  bot 
from  blue  to  Light  green.t  With  too  concentrated  Bolutionfl  the  end- 
point  is  indistinct,  so  that  a  eousiderable  dilution  is  neeessary. 


Permanence  of  —  Sodium  Thiosulphate  Solutions. 

A  two-months-old  sodium  thiosulphate  solution  was  stand- 
ardized  against  pure  ioríine  in  June,  1899,  and  its  concentration 
f  ound  to  be 

1  e.c. =0.011 672  gm.  I. 

Tn  March,  1900,  oř  about  eight  months  láteř,  the  samé  solution 
of  thiosulphate  was  again  standardized  and  found  to  be 

1  c.c.  =  0.01 166*7. 

*  Zulkowski,  Joum.  prakt.  Otem..  103  (1S68),  p.  362. 

f  In  all  IÍmh  inetliods  stareb  solution  ia  added  toward  the  end  of  the  reac- 

tion.    Sec  p.  508. 


PREPARATÍON  OF  A  STANDARD  IODINB  SOLUTION.        S11 

At  the  end  of  eight  months,  therefore,  the  eoncentration  cf 
the  solution  was  practically  unchanged.  Frequently  the  addition 
of  ammonium  carhonate  is  recommendcd  in  order  to  obtaiii  a  more 
permanent  solution;  it  has  the  opposite  effect. 


Prepaxation  of  —  Iodine  Solution, 

There  ia  no  advantage  to  be  obtained  by  dissolving  the  theo- 
retical  amount  oř  sublimed  iodine  in  a  definite  volume  of  solution, 
for  the  latter  cannot  be  kept  very  bag  tmchaoged.  It  is  more 
practical  to  prepare  t!.e  iodine  solution  by  placing  20-25  gms.  of 
pure  potassium  iodide  in  a  liter  flask  dissolving  it  i  ti  a^  lil  tle  water 
as  possible  and  then  addiiig  about  12.7  gms.  of  commercial  iodine, 
weighed  out  roughly  on  a  watch-glass.  The  coutents  of  the  flask 
are  shaken  until  the  iodine  is  all  dissolved,  When  this  is  accom- 
plished,  the  solution  is  diluted  up  to  the  mark  with  water  and 
standardized  acconling  to  o  ne  of  the  following  methods. 

N 
1.  With  *—  Sodium  Thiomfphitt*  Sahitian. 

Of  the  thoroughlv  mixed   iodine  solution,  25  c,c.  are  titrated 

with  the  standard  sodium  thiosulphate  solution. 

N 
If  25  c.c.  of  iodine  solution  require  25.16  c.c.  of  —  Na^O, 

N 

solution,  1  c.c.  of  the  fonner— 1.0064  c.c,  of  —  solution,  or,  in 

other  words,  the  solution  is  0,10004  normál, 

N 
2.  With  *—  Anentatté  Acid. 

If  iodine  is  allowed  to  act  upon  an  acid  solution  of  arsenious 
&cid,  a  reaction  takés  pláce,  but  at  different  dilutions  different 
/imounts  of  iodine  are  reqiured  for  the  samé  amount  of  arseuious 
acid*    The  reaction  is  a  reversible  one: 

AsJ0J+2H10+4I  ízs  4HI  +  Asfi* 

Now,  if  the  hydríodic  acid  Ls  immediately  removed  from  the 
solution  as  fast  as  it  is  formed,  the  reaction  will,  in  tho  cold, 
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(juantitatively  in  the  ílirection  from  left  to  right.     The 

removal  of  the  hydriodie  acid  is  eMected  by  the  oddition  of  an 

atkali  which  is  itselí  onaoted  npon  by  iodine.     Xaturally,  alkali 

hydroxides  camtot  be  nse<l  for  trus  purpose,  for  they  ihaotb  i 

measiirable  quantíty  of  the;  iodine.     In  fact  only  the  bicarbonate* 

of  thc  alkalies  are    witííMUt   action   opon   iodine,  so   that  sodium 

bicarbonate  is  ušed  for  the  nmitralization  of  thc  hydriodic  acid 

formed  by  the  above  reaction. 

\s.O     198 
From  the  equaťmn,  it  is  evklent  that  1  gm.-at.  1=    ][  *=~T  = 

49.5  gms,  As,0„  and  —  gm.-at,  I  corresponds,  therefore,  to  4.95 

AsjOj^the  amount  necessary  for  1000  c.c.  of  -— -  solution, 

\ 
For  the  preparatíon  of   the   --  arsenious  acid  solution,   thc 

vitreous  form  of  eommercial  Asi  \  fe  mblimed  from  a  porcelain  dish 
ujm>q  a  watch-^lass.  If  urveme  triaulphide  is  preeeut  (ahown  by  a 
vcllowsublimateheing  first  formed)  the  preparatíon  musí  be  previ- 
ntsly  purified.  For  this  purpur  ii  i- dwsolved  in  hot  hydroehlorie 
acid  (1:2),  the  Euaoklble  sulphidc  filtered  úR,  and  the  arsenic 
trioxide  caused  to  deposit  by  coolinp  the  filtráte,  After  pour- 
iug  off  the  mother-liquor,  the  crystals  are  washed  several  times 
with  water,  dried  on  the  water-bath,  and  the  pnre  substance 
ohtained  by  sublimation.  After  standinfc  for  twelve  hours  iu 
a  desiccator  trW  culcium  chloride,  4,95  gms.  of  the  oxide  are 
•ururately  weighed  out  into  a  porcelain  diafa  and  dissohed  by 
warraing  with  a  little  concentrated  sodium  hydroxide  solution. 
After  two  or  three  minut  es  all  will  be  dissolved.  The  solution  is 
DOW  poured  thnuiíih  a  f unnel  into  a  graduated  liter  flask,  and 
the  dish  carefully  washed  out  with  water.  A  drop  of  phenol- 
phthaleín  is  added  to  the  contents  of  the  flask  and  pnre  dilute 
lulphuric  acid  unti!  the  solution  is  decnlorized.  About  20  gms. 
»diuin  biearbonate  are  dissolved  in  500  c.c,  of  water  and  the 
filtered  solution  is  added  to  the  harely-acid  contents  of  the  flask* 
If  thc  mixture  reacts  alkaline  (shown  by  the  red  color  of  the 
phenolphthalein),  a  few  dropi  of  sulphiiric  acid  axe  added  until 
it  becomes  colorless,  after  which  the  solution  is  diluted  up  to  the 
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mark  with  water.  After  thoroughly  inixiug,  a  burctte  is  filled 
with  U  and  titrated  against  a  measured  amount  of  iodine  solution 
as  under  1. 

The  Starch  Solution. 

About  5  gms.  of  powdered  starch  are  rubbcd  into  a  pasto  with 
a  little  oold  water,  and  the  paste  \s  fdowly  added  to  a  liter  of  boilins 
water  contained  in  a  poreelain  dlahu  The  bo3ÍBg  is  oontinued 
for  one  oř  two  minutes  so  that  an  almost  clear  solution  is  obtained 
The  liquid  is  cooled  by  plaeing  the  dish  in  cold  waUT,  and  after 
standing  overnight  the  clear  liquid  Ls  filtered  into  small  ."VO-r.c 
medicine  botllcs.  These  are  plaeed  in  a  water-bath  and  filled 
Op  to  the  neck  with  the  starch  solutíon,  heated  tWO  hours,  and 
dosed  by  nieans  of  soft  stoppers  before  removing  frum  the  liot- 
water  bath.  The  solution  thus  sterilizcd  ca u  be  kept  alniost 
indefinitely  without  theslightcst  tracc  of  mou  Id  formalinu.  Such 
a  solution  prepared  aecording  to  the  abuve  directíona  by  H,  N. 
Stokes  remained  perf  octly  clear  after  standine  l\  years  and  was 
as  sensitive  then  as  when  first  made  up.  After  opt-ning  the  bot  tle, 
mould  begíns  to  form  within  one  \veekT  which  explains  whv  the 
solution  is  ponrcd  into  sinali  bottles;  it  may  thcn  be  ušed  before 
it  becomes  Spoildd. 

It  Ifl  nowadays  mu  cli  more  eonvenient  to  use  the  Zulknwsky 
"soluble  starch/1  which  is  obtained  coimnercially  iti  the  form 
of  a  paste.  The  reagent  is  prepared  by  dissolving  a  little  of  the 
paste  in  cold  water. 


Sensitiveness  of  the  Iodo-Starch  Reaction. 

As  already  mentioned  in  Vol.  I,  p.  287,  ioiUne  produces  a 
blue  color  with  starch  i  »nl  v  when  hydriodic  acid  or  a  soluble  iodide 
is  present,  and  further  the  formát  ion  of  the  blue  cnlor  depends 
not  only  opon  the  presence  of  iodide  hut  is  largely  influenced 
by  the  poncentration  of  the  iodide  solutíon,  With  the  samé 
amount  of  iodide  and  different  volumen  of  liquid  quite  diffrrent 
amounts  of  iodine  are  necessary  to  produce  the  blue  color,  Fr*  >m 
ibis  it  is  evideut  that  b  any  iodimetiic  analysis  about  the  samé 
roficentration  should  be  maintained  as  in  the  čase  of  the  stand* 


5*4  VOLUMETRIC  ANALYSIS. 

N 
ardization  of  the  Solutions  ušed  for  the  analwsis.    When  —  solutions 

10 

are  ušed,  the  error  produced  by  not  folio wing  this  rule  h  a  small 

one  and  for  most  puipoett  can  be  neglected.     On  the  other  band. 

N 

when  an  analysis  is  made  with  -^--  solutions,  a  lai^ge  error  rnay 

be  introduced. 

To  show  what  the  error  can  amount  to,  the  folio  wing  remiltfl 

will  be  f^iven.    To  each  of  the  following  amounts  of  water,  1.5  c.c. 

N 
of  starch  solution  were  added  and  then  t—    iodine  solution  until 

ÍUU 

a  barely-visible  coloration  was  obtained. 

c.c.  Water.  —  Iodine  Solution. 

50 O.lSc.e. 

100 0.30   " 

150 , 0.47    " 

200 , 0.64   " 

These  experimente  were  repeated  using  3  c.c.  of  the  starch 
solution  with  almost  the  samé  results.  But  when  to  each  1 
<ím,  of  potassium  iodide  was  added,  the  folio  wing  rcsults  were 
obtained: 

Water  r^  Iodine  Solution, 

50  c.c. +  1  gni.  KI  ... 0.04  c.c. 

100  "  + 1    H     u  0.04    " 

150  "  +  1    "     "  ..  0.04    " 

200  "  +1     M     M  0.14   " 

500  "  +1    "     u  0.32   " 

500  u  +  3gms."  ,  0.32   u 

620  "  +3    "     M  ....  0.32   • 

The  rrsiil ts  show  that  the  amount  of  iodine  solution  něco: 
to  produce  the  blue  color  in  the  absence  of  potassium  iodide  *  is 

*  With  the  exception  of  the  potassium  iodide  contained  in  the  iodine 
solution  itself . 
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directly  proportioned  to  the  dilution.  If  the  solution  contains 
1  gOl,  of  potassium  iodide,  i  bhie  color  will  be  produeed  by  the 
samé  amount  of  uxline  solution  as  long  as  not  more  than  150 
of  solution  are  prezent,  but  wíth  a  greater  volume  than  that*  more 
iodine  is  necessary  independent  of  whether  the  solution  contains 
1  gm.  oř  more  of  potassium  iodide. 

In  order  to  show  tbe  action  of  the  iodide  more  distinctly,  a 
vrrv  dilute  iodine  solution  was  added  to  50  c.c.  of  water  cnniaining 
starch  solution  and  in  the  absence  of  iodide,  15  c.c.  were  addcd 
hefore  the  blue  color  was  permanent.  After  adding  1  gm,  of 
potassium  iodide,  it  was  only  necessary  to  add  1,5  c.c.  of  the 
dilute  iodine. 

\\rhen  sohitions  were  Itfled  without  the  addition  of  potassium 
iodide,  the  samé  ainount  of  iodine  solution  (0,03  c,c.*J  was 
necessary  when  not  more  than  300  c.c.  of  water  were  present. 
Witíi  600  c,e.  of  water,  0.06  c.c.  of  iodine  was  necestu  v,  and  with 
1000  c.c.  it  was  found  that  0.15  c.c,  oř  iodine  solution  was  re- 
quirecl.  On  the  other  hand,  when  the  solution  cnntained  1  gm, 
of  potassium  iodide,  only  0.06  c.c.  of  iodine  wafi  necessary  in 
1000  c.c.  of  liquid.f 

ANALYSES  BY  lODIMETRIC  PROCESSES. 

Determination  of  Free  Iodine. 

N 
1000  c.c.  —iodine  solution  «=  12.685  gni.  I. 

The  iodine  is  dissolved  in  a  solution  of  potassium  iodide.  The 
rolu  i  ion  is  titroted  either  with  sodium  thiosulphate  or  with  arše- 
nious  acid  exactly  as  deeeribed  under  the  standurdization  of  an 
iodine  solution. 

Determination  of  Chlorine  in  Chlorine  Water. 

N 
1000  c.c.  —  iodine  solution— 3.  «54  5  gm.  Cl. 


*  0.03  c.c.  - 1  drop. 

t  Tlu*  lamptfStuni  of  the  fwilution  nlso  Rxerta  nn  influence,     Other  thmgs 
being  equal,  the  end-point  is  best  obtained  in  a  cold  solul/ion.  —  ITranslator.l 


Si* 
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A  measured  amount  cf  chlorine  water  is  added    to   a  aofaitkm 
COfitainiog   an    e  i   potassium    iodidc.     The    point    Ql    thti 

pipettc  Bbouki  be  hdd  just .above  theaurfaceOl  the  iodkitJ  aoUi 

and  the  latter  should  be  eontained  w  a  glass-stoppered   bor 
After  the  chtorine  water  hafi   been   added,  the  oonteate  of  the 

buttle  are  vi^urouslv  shakcti,  aiul   the  iodine  sel   íree   io  ti'rated 
with  sodiuni  thiosuiphate  us  above: 

Determination  of  Bromine  in  Bromine  Water, 

\ 
10QO  c.r.  j^.  mina  solution  -7.996  gra,  Br. 

The  proceduře  is  the  samo  as  mider  2: 
KI  +  Br-KBr+  I. 


Determination  oř  HypocMorous  Acid  in  the  Presence  of  Chlorine^ 

The  determination  is  based  itpon  the  folluwing  reactions; 

II  OC1  +  2KI  -  KO  +  KOH  + 1, ; 
CL+2KU2KC1  +  Ia. 

1  *rm.-mol  of  hypnehlorous  acid  sets  free  1  gm.-moh  of  iodine, 
Imt  producee  al  the  Bame  timc  1  jpn.-mol.  of  potassium  hydroxide, 
while  the  chlorine  sirnply  sete  free  an  equivalent  amount  of  iodine. 
After  neutralizing  the  alka l i  by  tneanfl  of  ari  excess  of  hydmchloric 
acid  and  dctemrining  the  iodine  by  titration  with  sodium  thifr- 
Bltlphate,  the  excess  of  hydrochloric  acid  ifl  titrated  with  standard 
alkali  solution. 

N 
Proceduře. — A  measured  volume  <>f  —  hydrochloric    acid    is 

1U 

added  to  a  potassium  iodide  solution,  to  this  a  known  amount 

of  the  mixture  of  chlorine  and  hypochlorous  acid  is  added,  and  the 

N 
et  free  \<  títrated  with  y-r  thiosulphate  solution.     The  tmw 

colorless  solution  is  treatcíi  Wltfa  methyl  transe  and  the  excess  of 

N 
hydrochloric  acid  is  títrated  with  —  říaOH,    The  KOH  produced 

by  the  action  of  the  hypochlorous  acid  lipou  the  iodide  requires 
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\  X 

halí  as  much  —  acid  for  neutralizatinn  as  are  rcquired  cd        \  b^V  \ 

soluťmn  to  rcact  with  the  iodine  set  free  by  the  action  of  the  hypo- 
ebk>KfUfl  acid. 

E&mpte, — Tf  V  vx.  nf  ehlorine+liypocMoToiifl  acid  were  takcn 

X  \ 

for  analysis,  í  c.c,  -^  HO  proseni  at  the  start,  T  cx.  j^tibfi 


10 


10 


N 


ušed  for  titrating  the  iodine,  atul  tt  c.c.  —  NaOH  for  titrating  l.hr 

X 

•  •ss  of  acid,  then  í  — tx  c.c.  —  acid  were  rcquired  to  neutralk-c 

X 
the    potassium    hydroxide  and    2{t-Q  c.c  <  >3  to    rcact 

*vith  the  iodine  fonned  írorn  the  hypochlorite. 

Hence  (l-íj  0.UU524G  *=gm.  llOUl  in  V  CO,  solutioa 
and 

T-2{t-Q  0.003545  =  gm.  Cl  in  V  c.c.  solution. 

Determination  of  Iodine  in  Soluble  Iodides.f 

(a)   By  iJiTortiposittnn  wtth  b\  mr  Saltx. 

If  a  soluticm  of  a  soluble  iodido  is  treated  with  an  excess  of 

iron-ammoniiun    aluni    and    acidified    wnth    sulphuric    acid,    the 

ferric  salt  will  be  re<lueed  to  íerrous  salt  with  separution  of  iodino : 

Fe1(SO,)1  h2HI-H.SO,    Ji.sn +ir 

If  the  solution  is  heated  to  hoilíng,  the  iodine  escapes  with 
the  Bteftm  and  au  be  ooQectod  in  a  solution  of  potaashixn  iodide 

and  tliru  titrated  with  sodium  thiosulphate  OT  nrsenious  acid. 
This  method  is  suited  for  separátní*:  iodine  from  bmihiuo.  for 
bromides  do  not  reduce  ferric  salts.  The  bromide  will  be  inu  i  id 
in  the  resklue  obtained  after  the  distillatinu,  and  ífl  best  deter- 
mfcted  gmvimetricaUy. 

*  HOCI  -52.46;  1  WX,  ^  *ihit  ion  -0.005246  gm.  Ht  >(  1. 


t  In  the  caae  of  maoluhli*  tadUtea,  tlie  metal  must  firat  be  rexnovecl  if  the 
iodine  is  to  be  áetttCBlapd  volume trieall y.  Thia  ean  be  aerompíishod  hy 
the  method  of  Meusrl  (Zeitschr.  f.  anal.  Cbeot,  12,  137),  Ti  hmbj  beMk^  how- 
everf  that  the  volumctríc  method  ofifen*  no  advantagea  over  the  gravunetric 
o  ne. 
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(h)  Bij  DecompQBtíwn  wtíh  A  Lcíd  (Fmcniu*). 

This  excellent  met  hod,  which  is  eBperi&Uy  suited  for  deter- 
miníng  sinali  amounta  of  i- Kline  in  the  presence  of  bromine  and 
chlorine  in  minerál  waters,  depeods  upoti  the  easy  oxidation  of 
hydriodic  aeid  by  means  of  nitrous  aeid: 

2HI+2HNOt-2HJ0+2NO+2I. 

IJvdrochloric    und    hydmbroniic    ackls    are    not   attackecl   by 

nitrous  a<id. 

Procedur** — In   the  sinali    apparatus  shown   in   Fig.   74  the 

neutral  oř  slightlv  alkaline  solution  of  the  iodide  is  placeni;    : 

slightly  aeidified  with  dilute  sulphuric  aeid,  and 
a  little  freshlv-distilled,  colorless  earbon  bisulphide 
(oř  ehlorofurm)  is  added,  so  that  it  dnes  not  quite 
reach  to  the  stop-oock,  near  the  botttHD  of  the  tube. 
Then  two,  or  at  the  most  three,  drops  of  "nitrose"* 
are  added,  the  tube  stoppered  and  vi^orously 
sliaken,  after  whieh  the  earbon  bisulphide  is 
allowed  ta  set  tle  onee  more.  The  small  amount 
of  tlie  latter  whieh  at  řirst  adheres  to  the  glass 
iidee  i-  nade  to  run  (o  the  bettona  by  revol 
and  inclmirig  the  tube.  On  the  upper  surface  of 
the  liqiiid  there  will  still  remain  a  few  tiny  drops 
of  earbon  bisulphide.  To  obtain  these  a  funnel 
íoutaining  a  filter  mnistened  with  water  is  placed 
under  the  fílass  stop-enek,  the  stopper  is  rem- 
fron*  the  tuho  and  the  aqueous  solution  ifl 
allowed  to  run  through  the  íiller,  but  the  earbon 
bumlphide  will  remain  behind  on  the  pq 
Tlie  earbon  bisulphide  remauúng  in  the  tube  b 
shaken  tliree  tinies  with  su»-eessive  port  ion 
distilled  water.  and  earh  time  the  latter  is  allowed 
to  run  off  thmngh  the  samé  filter.  Tlie  funnel  ia 
tlírn  plsced  at  the  |op  of  the  tube,  punotured  with 
Fig.  74.        ft  pointed  glose  pod,   and    the   earbon   bisulphide 

washed  into  the  tube  by  meane  o  D.5  c.c.  of  water.    After 

*  Cf.  VoL  I,  p.  285. 
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this  one  oř  two  drops  nf  sodium  bicarbonate  solution  are  udded 
and  ihoroughly  shaken  with  the  carbon  bisulphidc,  then  standard 
BOdhim  thiosulphate  solution  is  added  nutil  the  reddi>h-yio]H 
carbon  bisulphidc  solution  becomes  colorless. 

The  value  oí  the  sodiuni  thiosulphate  sohition  is  not  determined 
as  ordinarily,  bul  by  means  of  a  potassimn  indide  BolutíoD  troated 
as  above  describcd. 

Rsmoark*  This  coetfaod  is  usefu]  for  determininp  small  amoimts 
of  iodine  in  the  prr>enee  of  rclatively  large  atnountfl  of  rhlurino 
and  bromine,  as  in  ihe  analysis  of  minerál  W&tefB.     I  oř  the  >tand- 

aidSsatioo  of  the  aodfrUB  thiosulphate  sohition,  as  nearly  as  pouibte 
the  Bame  amount  of  potassimn  lodíde  is  ušed  as  is  present  in  the 
unkuown  sohition;  this  is  detennincd  by  the  eí>ior  of  the  carbon 
bisulphidc.  Pure  potaasium  indide  must  be  ušed  for  this  purpoai 
and  itvs  purity  test  cd  by  means  of  a  říravimclrir  (IfíiTiinnation  of 
the  iodine  present  in  the  salt  after  it  has  been  dried  at  170°- 180°  C. 

The  18*800  the  sod  min  thiosulphate  sohition  must  be  stand- 
ardized  in  this  way  Ls  as  follows: 

Wheu  an  aqueous  sohition  ermtaining  iodine  is  shaken  with 
carbon  bisulphide,  not  all  of  the  iodine  but  the  greettf  part  of 
it  will  pass  into  the  latter  solvent,*  The  error  EB  ruuiponsated, 
however,  by  standardízing  the  solution  in  the  sanie  way. 

*  If  the  solution  of  a  auhstanee  ia  sliaken  with  another  solvent  in  which 
the  former  does  not  mix,  tne  originu)  amonní  of  the  substance  divides  itseK 
bťtwwn  ihe  two  Hnlventa,  and  in  faet  thc  eonecni  trní  um  o!'  oni;  soluf  ii»n 
(amount  of  the  dissolved  substance  present  per  rahbo  centímeter)  always 
bear«  a  eoastant  relation  to  lhal  nf  tlít-  othcr. 

Thua  if  J0  pití*,  of  iodine  are  diss  Ived  in  V*  c.c,  of  water,  and  třu"  BOkttioa 
is  shaken  with  V,  i\c.  of  carbon  bisulphide,  then  xt  gms.  of  iodine  will  rernam 
in  the  aqueous  solution  and  j0—  xx  gins.  will  pass  into  the  carbon  hisul- 
phide. 

The  amount  x  is  found  by  th**  folkiwing  equation : 

íi  and  ^CT*1  are  uV  roiu-rnimtions  in  eaeb  of  the  solutions  and  k  is  the  dU- 

*  l    T 

tnhulion  cofflicient,  which  is  Ť  \n  for  iodine.1     If  the  aqueous  solution  ia  ncw 

sliaken  with  the  samé  amount  of  fresh  carbon  bianlphide,  then  x?  gnis.  of 

1  Betihelot  MlA  Jungfleiach,  Camp  tes  rond..  fí9.  p  038. 
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If,  aíter  shaking  With  carbon  bfeulphkle,  the  nqueous  solnímu 
slili  appeare  yellow,  it  musí  be  breated  a  eeeond,  and  peiiifipe 
a  third,  time  with  Erah  amouatfl  ut  carbon  bJsulphide, 

Determínation  of  Bromine  in  Soluble  Bromides  (Bunsen). 

If  chlorine  water  is  added  to  a  eolorieM  bromide  sohition  in 
i  porceiain  dish,  the  sohition  becomes  yelluw: 

KBr+a-Ka+Br, 

If  it  is  heated  to  boiling,  the  brnmine  is  espeUed  and  the  solu- 
iton  becomee  cotorieea  again.    The  additimi  of  the  chlorine  water 
•ntiniied  nutil  finally  QO  yellmv  coloratinn  ífi  produrnl. 

Prepwotim  and  Stondardúotion  <*[  ihe  Chlorine  WaUr. 

LOO  c.c.  of  a  BStUT&ted  chlorine  WBter  are  diluted  to  500  <\<\ 
and  titrated  against  a  weighcd  amount  of  pure  potaastuni  bromide 
which  hae  been  drled  at  170°  C\,  the  samé  amonní  of  bromide  being 
iaketi  for  the  standardization  as  is  snpposed  in  be  preaenl  in 
the  EtohitkiD  i"  be  analysed.  During  the  titration,  the  burette 
oontaining  the  chlorine  wateř  is  envdoped  in  bladc  páper  to  pro- 
téct it<  eontenta  faun  the  light,  and  the  tip  of  the  burette  is  beld 

iodizifi  will  reniain  in  ti.  md  Zg-SBi  wiU  be  extracted  by  the  carbon 

1 1  isulpliide,     I  u  this  caae  t  ho w  e 


(2)    3rt«x^v,  +ykj    gma.  iodine, 


so  that  after  shaking  «  tfcnea  with  fresh  portíuns  of  rarbon  bisulphide,  the 
axuount  of  iodhir  remaining  in  the  wa,U-r  would 


(3)    x» 


i  lv  v 

■Mi.  i^ 


gim.  tónino. 


Assuming  that  in   the  analysia  0.ÍHJ/5    gm.   of    iodíne  was    dissolved    in 
10  c.r.  OÍ  water  um]  that  this  sólu  lion  W$B  shak«  tli  1  c,c,  of  carbon 

biauljjhide,  then  acootdmg  to  equ&tion  (1 1 

^-0.005  -tUX)5«  — -0.0001  gnu  iodine 

1+4U0 


would  remain  dissolved  in  the  water,  or  an  amount  tha!  can  be  neglected* 
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just   above  th^  surfaře  of  the  bot   bromide  solution,  so  that  as 
little  chlorine  a-  p« -stihle  h  lost  by  cvaporattoa. 


Determination  of  lodi  ne  and  Bromine  in  Minerál  Waters. 

looording  t<>  the  :miount  of  halogen  present,  from  5  to  60  litns 
of  water  are  taken  for  the  analysis, 

The  amounl  of  bromine  a  tul  iodine  present  i-  usuallv  small 
mnipared  with  the  chlorine,  BO  that  the  residue  obtained  by  the 
evaporation  <»f  a  large  amount  of  water  caniiot  be  ušed  direetly 
ftir  Ihe  analysis,  but  by  partial  crystallization  a  mother-liquor 
rirh  in  bromide  um  l  iodidc  mnst  first  be  obtaini  xL 

Procťduri\ — The  water  is  placed  in  a  large  poreelain  evuporating- 
dish.  a  liter  at  a  tiine,  and  if  not  alreaily  alkalinc  *  cnough  pure 
aodfaun  earbonaie  solution  is  added  to  inake  it  distinrťly  so,  and 
the  water  is  evaporated  to  about  one-fourth  of  its  originál  volume. 
Ttós  eauses  the  separation  of  some  calcium  and  magnesium  car- 
bonates  in  the  presence  of  hydroxides  ní  iron  and  manganese, 
while  all  of  the  halogen  salts  reniain  in  solution.     The  residue 

Utened  ofT  and  thonmghiy  washed  with  water.  Tlie  filtráte 
is  fiirt her  ronrenlratrd  unii!  salls  hegin  to  crystallize  out,  and 
the  hot  solution  is  then  poured  into  ihrec  thnes  its  volume  of 
absolute  aleoliol ;  this  causes  the  greater  part  of  the  sodium  chlorii  le 
and  other  undesired  salls  to  precipitate.  Aftef  rtMlding  tvvelve 
hours,  the  alrohnlie  liquid  is  filtercd  and  the  residue  washed  five 
OT  six  tinirs  with  96  per  rent.  alcohoL 

The  aleoholie  solution,  whieh  contains  all  of  the  iodine  and 
bromine  with  coiisidcrable  chlorine  in  the  fořtu  of  the  alkali:ie 
salts,  is  treated  with  five  dropa  of  concentnited  potassimn  hydroxide 
solution  and  almost  all  of  the  alrohol  distilled  oíT,  while  a  eurrent  of 
air  is  passed  through  the  solution  by  means  of  a  eapillary  tube 
miching  to  the  hottnm  of  the  liquid  in  the  distiHiiiLr-lhr-k. 

The  residue  froni  thfi  di>tillation  is  further  connntrated  until 
salta  agaiti  lu^in  tu  orystallise  out  and  the  precipitetion  with  aleo- 
hol  is  repeated.  The  alcnlml  is  agnin  distilled  off,  blit  this  time 
with  the  additinn  oť  only  ona  Qfl  twn  drops  of  potassium  hydroxide 


*  Tha  solution  is  alkaline  if  niter  the  addition  of  phenolphthftlein  the 
solution  turns  ivd  on  boíling. 
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Bolution.  Ai -ťurcling  to  the  amount  of  salta  present  in  sohition 
this  operát  ion  is  repeated  from  three  to  six  tinies,  The  fina! 
filtráty  after  the  aloohol  has  beem  distíiled  off,  m  placed  w  i  plati- 
num  diah,  evaporated  to  dryness,  the  diah  covered  with  a  wateh- 
glaaa,  and  the  rendufi  gently  ignited  to  destrcy  tnganio  matter. 
The  reridue  from  the  ignition  is  dissolved  in  a  little  water  the 
caibonaceotu  materiál  Gltered  ofí\*  the  solutkm  slightly  aoidified 
with  dilute  snlphnrie  arid,  the  iodine  liberated  by  the  addition  OÍ 
ooe  or  two  drops  of  "nitro  titrated  with  sodium  thio- 

sulphate,  after  ahaking  with  chloroform,  as  deacribed  on  p.  51 8  f 
The  brominfi  i-  detennioed  in  the  aqueoiH  aohition  obtained  after 
the  eztnetion  •  «!  the  iodine  with  chloroform.  The  acid  solntion  is 
made  alkaline  by  the  addition  of  sodiurn  carbonate  aolution,  fcWO 
drops  of  a  saturated  sugar  soiuiion  are  addaáj  and  the  nlution 

ipofaled  to  dryncss  in  a  platimim  dish.  With  a  wateh-glass 
upon  the  dish,  the  rcsidne  is  gently  "limited  in  onler  to  destroy  the 
sugar  and  the  excesa  of  nitrite.í  After  Udá  has  been  accompllshed 
the  residue  ia  dissolved  in  water,  hlteml,  acidified  slightly  with 
sulphurie  aeid,  and  the  brominc  titrated  with  ehlorine  water  as 
described  on  p,  520. 

Remark.—4Í  suffieient  minerál  water  is  available  it  is  better  to 
divide  the  niother-liqiior  containing  the  bromide  and  iodide  into 
two  portions;  in  one  por+íon  the  iodine  is  determined  as  befnre, 
while  in  the  other  the  hronťme  and  iodine  are  determined  by 
titration  with  ehlorine  water.J 

Analysis  of  Peroxides  íBunsen). 

All  pemxides  of  the  heavy  inetals,  whieh  e  vol  ve  ehlorine  on 
treatment  with  hydroehloric  acid,  ran  be  determined  with  great 

*  If  the  filtráte  U  not  completely  colorleas,  it  is  evaporated  and  again 
igniteri. 

t  Lecoo  detemime  the  iodine  colorimetricaJly  (Zeitsrhr*  f,  anal.  Chem., 
XXX  v, 

%  The  addition  of  the  sugar  cauws  the  nitrite  to  be  deetroyed  at  a  lower 
lesopef&tUfe  th  n  would  otherwise  he  the  čase,  and  the  danger  of  losiny 
bfoouaí  l»y  volat Uizatiou  n  avoidecL 

{  Aa  tlie  ehlorine  water  was  stundardized  against  hromíne,  an  an.mml 
of  the  lalfcer  equi  valen  t  to  tho  iodine  present  is  deductvd  from  the  HttOUnl 
lepreseiited  by  the  ehlorine  water  ušed;  the  differenee  ahows  the  uroníme 
preaent. 
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aceuracy  by  conducting  the  chlorine  into  potaSBXUtn  iodidc  sohi- 
tion  and  titratiug  the  deposit  cd  iodine  WÍtfa  BOdftim  thiosulphate 
oř  arsenious  aeid  soluíion.  It  is  only  neccssary  to  mako  sure 
that  the  chlorine  is  aQowed  t* >  act  upon  the  potaBHXUZD  iodide 
uithout  loss.  For  all  such  dcterminations,  Bunsen  employed  the 
upparatus  ůkofwn  in  F%.  75.  The  email  decompnsition-flask  of  about 
40  e.c.  eapacity  has  a  ground-glass  connection  with  the  delivcry- 
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tube  *  and  is  hekl  firmly  in  plaee  by  means  of  rubber  rings,  as  at  a. 
The  lower  end  of  the  bent  delivery-tube  is  drawn  out  into  a  not- 
lon-srnall  capillary. 

Proceduře.  —  The  finely-powdcred  substance  is  placed  in  the 
small  glass-stoppcred  wcighing-tube  (Fig.  75,  B)t  whieh  has  a 
small  pieee  of  gbkBB  fused  on  the  tm],  and  wcighcd.  The  tube  is 
then  taken  hold  of  by  means  of  the  glass  at  the  bot  tom,  t  intro- 
dueed  into  the  neck  of  an  absoluíely  drv  decom]x)sitinn-fl: 
and  the  required  amount  of  the  substance  is  allowed  to  fall  into 
it  by  carefuliy  revolving  the  wcighing-tube.  < >n  again  weighlng 
the  tube,  the  amount  of  substance  taken  is  determined.  Hvdro- 
ehlorie  aeid  is  now  added  (ite  eoiicentration  depends  upon  the 
nátuře  of  the  substance),  the  děli  verv  tubing  is  al  0006  QQOMCted 
with  the  fiask  and  introduecd  into  the  rctort  eontaining  potassuim 
iodide  solution.  By  means  of  a  tiny  fláme,  the  enntents  of  the 
flask  are  heated  to  boiling  and  from  half  to  twu-thirds  of  the  lifpiid 

*  Instead  of  the  prouml-iilass  connection,  lUinsen  and  I  Mbi  ti  the 
samé  mze  as  the  ncek  oí  the  flask  nnd  ronnected  them  with  rabber  tufoing, 
the  two  glass  tubes  t^eing  agaínst  one  another. 

t  By  holding  the  tube  in  this  way,  deviations  of  weight,  due  to  unequal 
wamiingt  are  avoided. 
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fa  distilled  over  into  the  retort.    In  order  to  převáni  the  iodide 
itíon   tram  surking  back  intn  the  fl&sk,  the  delivery-tube  i> 

taken  out  of  the  rotoři  before  removing  the  Sazné;  th<   pontenta 

of  the  tube  are  then  wa.-hed  into  the  retort, 

The  potaashim  iodide  BoluttoD  ie  poured  lato  b  Uxjge  beaker, 

the  retort  washed  Ottt  several  tiines  with  A  lit  tle  \v;itert  anil  theo 
ium  iodide  Bolutíon  in  otójbi  t <  ■  remove  :mv   Iodine 

whieh  inav  remaín  adhering  to  the  giass.     The  iodine  m  tit  rated  Wlth 

N 

—  sodhuD  thiosulphate  Bobition,    In  this  way  pyrolu«te,  chio- 

mate*.  Léad  peroxide,  minium,  eeric  oxide,  eelenic,  tellurie,  and 
moiybdic  acida  niay  be  analysed. 

Determínation  of  Manganese  Dioride  in  Pyrolusite. 
1000  c.c.  ~  Na/^0,flo1ution-^0,-^-4.35  gm*  MnOr 


How  much  pyrohisite  shall  be  taken  for  the  analysis?* 

If  possiblr.  an  aniount  should  be  taken  for  analysu  whieh  wiU 

N 
not  require  more  than  one  huretteful  of  the  —  Na^SjO,  solution. 

W<6  BSiume  that  the  saniple  contains   100  per  cent.  of  MnOJt  and 
caleulate  how  much  of  the  latter  would  eorrespond  to  50  c.c.  of 

m Nu  SA: 

1  c.c.  ^r  solution: 0.00435  gm,  MnO2  =  50:j; 

x  =  50X0.00435  =  0.2175  gm.  MnOť 

f  for  the  analysi*  ubout  0.2  gm.  of  the  substance 
fa  taken,  whieh  has  beeu  dried  at  100  *  :  To  this  25  e.r.  of  hydro- 
ofaiork  acid  (1:2)  are  added  and  the  analysis  fa  made  as  descrihcd 
above. 


*  This  is  applicahle  to  almoet  every  volumen**  analysis.    Ta  insun*  the 
iii*.ist  ancuratc  majto,  tlir  sonoentratioo  oř  the  standard  sólu  the 

■Ut  of  subttanoQ  taken  fnr  analysis  should  be  so  C 
and  USed  in  th«>  finul  titration.     In  thll 

in  detonnining  the  end-potnt,  n-m.ling  the  burctt  II  not  influence  the 

reault  appreciahly.  — [Transhitor.] 
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The  ealciilation  is  based  upon  the  folio  wing  equations; 

MnOa + 4HC1  -  2HaO  +  MnCl, + O* 

2CI=2I=lMn03l 

lCI=H  =  4MnOa  =  43.5  gms, 

The  amount  of  substance  taken  for   anály  sis— a  gnis.,  and   the 

N 

^r  NajS^O,  solution  ušed  for  the  titration  of  the  iodine=á  c.c.    Then 

a:/x0,00435  =  100:x; 

Q.435-Í  É  lf  - 

x = =  per  cent.  MnOr 

The  determination  of  chromates.  lead  peroxide,  and  selenic 
acid  li  carried  out  in  the  samé  way,  except  that  concentrated 
hydnochloric  acid  is  ušed  for  the  decomposition. 

Determination  of  Telluríc  Acid* 

lf  the  telluric  acid  is  present  as  the  hydrous  acid  {HíTe04+2H30) 
or  as  tellurate,  the  analysis  Ls  performed  in  the  samé  way  as  with 
selenic  and  chromíc  acids.  If,  however,  the  tellurium  is  present 
as  the  anhydrous  acid  oř  as  the  anhydride,  the  method  mnst  be 
modinedi  for  these  substances  are  scarcely  attacked  by  ocmeeo- 
trated  hydíoohloric  acid.  They  are  placed  in  the  decomposition- 
flask,  dksolved  in  a  little concentrated  potassium  hydroxide,*  and  to 
the  telhirute  solution  thus  obtained  the  concentrated  hydroehloric 
acid  10  added ;  the  rediietion  then  is  accomplished  without  difficulty : 

K^TeO,  -f  4HCÍ  -  2KCI  +  HaTeOř+ H,0 +CS* 


According  to  this  equatinn 


ia-xi-5- 


127.0 


-63.5  gros.  Te. 


+  The  solution  omůd  not  be  effectod  by  iising  sodium  hydroxide. 
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Detennination  oí  Ceric  Oxide. 


N  I )      172 

1000  c.c,  —  iodine  sol  u  ti  on  =  IT7r2-!777=  17.2  gma.  CeOr 


10 


10 


10 


Ceric  oxide  wheri  mixed  with  considerable  lanthamim  and  di- 
dymium  oxides  b  reduced  by  distillation  with  concetitrated  hydro* 
chlorit*  acid: 

2C€0J+SHCl  =  4H10  +  2CeCla  +  Cl3. 

Ifh  however,  the  mixtitrc  contains  but  little  0Í  the  twn  last 
BubfitaDces,  oř  if  it  is  pure  ceric  oxide,  the  heating  with  ooneefr- 
tratod  hydrochloric  acid  is  of  no  avail;  the  ceric  oxide  will  not 
dissolve. 

In  the  presence  of  hydriodic  acid,  however,  the  rodí  id  ion 
takés  pláce  readily,  so  that  ít  is  onlv  neccssaiy  ta  add  2  pní 
of  potassium  iodide  to  a  weighed  amount  of  the  substance 
(0.67-0,68  gnx)  in  the  deoompoaHfon-flagkj  and  then,  after  the 
addition  of  hydrochloric  acid,  viotei  VBpon  of  iodine  can  be  dis- 
tilled  frorn  the  solution: 

2Cc02  +  2KI  +  8HCU2KCl  +  2CeCla  4-  4H,0+2I. 

Often  thcre  will  be  so  much  iodine  given  ofT  that  the  solid  is 
likclv  to  stop  ttp  the  tube  and  the  'flask  will  often  explode.  To 
prevent  this,  the  end  of  the  dcliveiy-tube  is  not  drawn  out  into 
a  capillary,  but  at  the  bottom  au  opentng  of  about  4  mm.  in  diame- 
ter  is  left,  During  the  operation,  the  fláme  nuist  be  protéct  cd 
frniii  air-currents,  for  otherwise  there  is  danger  of  liquid  sucking 
back  from  the  retort. 


Detennination  of  Vanadic  Acid. 

1000  &«,  j^  iodine  solution-^*  -  ^^-9J 2  gma.  V,Or 

By  boiling  vanadic  acid,  oř  one  of  its  salt-;,  with  eoncentrated 
hydrochloric  acid,  the  vanadium  is  reduced  with  evnlution  of 
chlorine*  Unfortunately,  this  reaction  cannot  be  ušed  for  the 
detennination  of  vanadic  acid,  for  the  amount  of  chlorine  evolved 
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deperids  upon  the  conccntratinn  of  the  vanadiím]  solutioir  th€ 
vanatliuni  is  not  reduced  to  a  definite  oxide.  Ofi  the  other  hanil, 
by  nieans  of  hjdrohromic  acid.*  vanadic  acid  is  reduced  to  a  blue 
vauadyl  salt: 

V  A + 2SB*  -  Vp<  +  H^O  +  Ur,. 

If  the  free  bromine  is  absorbed  in  potassium  iodide,  and  the 
liberatcd  iodine  titrated  with  sodium  thiosulphate,  a  sharp  deter- 
mination of  the  vanadium  will  be  obtaineuV  Tb  carrv  otxt  Ihis 
analysis,  about  0.3-0,5  gni.  of  the  vanadate,  together  with  l/> 
tO  2  íins.  of  pntnssium  bromide,  is  placed  in  the  decomposition- 
flask  of  the  Bunsen  apparatus  (Fig,  75,  p.  523),  30  c.c,  of  con- 
centrated  hydrochloric  acid  are  added,  and  distillation  is  effeeted 
as  before.  The  decomposition  is  always  coniplete  when  the 
liquid  in  the  fla.sk  is  a  pure  blue, 

If  hydriodic  aeid  is  ušed  instead  of  hvdmbromic  acid,  the 
vanadic  acid  is  reduced  still  further,  almost  to  VaOa,f  In  fact, 
a  complete  reduction  to  the  latter  oxide  CAD  be  accomplished  if 
potassium  iodide,  concentrated  hydrochloric  acid,  and  1  oř  2  e.c, 
of  syrupy  phosphorie  acid  are  added  and  the  liquid  distilled 
nutil  no  more  vapors  of  iodine  are  evolved.  According  to 
StefTan,  this  will  always  be  the  čase  when  the  liquid  is  reduced  to 
one-third  of  its  originál  volume. 


Determination  of  Molybdic  Acid.* 

1000  co.  5L  NajBy^-i^l-^-lM  gma.  MoO* 

The  determination  depends  upon  the  fact  that  molybdic  acid 
is  reduced  to  molybdenům  pent«>\ido  by  nieans  of  hydriodic  acid 
with  libcratioii  ví  iodine: 

2MoO,  +  2H I  -  H,0  +  Mo ,(\+  h- 

Bemorft. — This  rnethmi  finds  no  practícal  application  on  account 
of  the  fact  that  it  is  diffieult  to  obtain  a  quantitatire  raduction  in 

*  Ho1vers4'íicii|T,  Dimrfcfttion,  Beriin,  1890, 

t  Friedhcim  and  Eul.r,  Bvrir h t.  ,  H    l  v  \B     20ť>7. 
J  Ibtd.,  28  (1895),  20G7,  ntnl  N  (1896),  2981, 
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irdance  with  the obové equal km,  Gooefa and  Fairbanks * found 
that  if  a  solntinn  containinji  molybdic  and  Ls  distilled  in  tli* 
Bimsríi  apparatus  with  potaaáum  iodide  and  hydrochloric  acid, 
uníil  iodinc  vapors  are  no  longer  visible  and  the  solution  k  a  í; 
green,  fcoo  linie  fodine  ie  obtained.  On  the  other  hand,  if  the 
(listillation  Í8  continued  .slili  further.  they  found  that  the  rcduction 
goes  on  and  more  iodine  is  obtained  than  eorrespnnds  to  the  ibove 
equatíon,  steffanj  who  teerted  the  method  in  the  authoťs  íabo- 
ratory,  obtained  resuits  agreeiiip  with  those  pnblished  by  Cíooeh 
and  Fairbanks,  By  means  of  hydrobromw  acid,  molybdic  acid 
is  not  reduced. 


Detennination  of  Vanadic  and  Molybdic  Acids  in  the  Presence  of 

One  Another. 

Accnrding  to  Steffan,  these  two  acids  may  be  determined 
verv  aceurately  when  prcecot  together.  The  vanad  i  c  a<id  is 
detennined,    aooofding    to    Holverseheidt,    by    di&tillation    with 

BS6tU2&  bromide  and  concentratcd  hydrochloric  acid,  absorp- 
tion  of  the  hromine  in  potassium  bdide  solution,  and  titration 
of  the  líberated  iodine  (cf.  p  527).  The  cofltenti  of  the  distilla- 
tíon flask,  in  whieh  the  vanadium  is  present  as  vanady  1  salt  and 
the  molybdenům  as  molybdic  acid.  are  treated  with  hydří  . 
sulphide  in  a  pressure-flask,  and  the  precipitated  molybdenům 
sulphide  is  filtered  through  a  Gopeb  orucible,  and  weighed  as  Mot  >.t. 
as  described  on  p.  222,  The  residts  obtained  by  this  rnethod  are 
perfectíy  aatísfactoiy. 

As  molybdic  acid  ba  unattaeked  by  hydrobromic  acid,  but 
is  reduced  to  M<> '  \  with  B6p&T*tíon  of  iodine  by  means  of  hydri- 
odfc  acid,  Friedheim  and  Euler  pmposed  the  folkwing  method  for 
the  determination  of  vanadic  and  molybdic  acids  when  present 
together: 

The  mixtureof  the  two  arids  is  distilled  as  before  with  p< 


<*-h  and  Fairlmtiks,  Zeitochr.  f.  íinorg.  Obem  ,  XIII  1 1897).  101, and 

xiv,  sir. 

Jfun,  Inaug  DiaBortetieOj  Zurich,  1902. 
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bromide  and  hydroehloric  aeid  and  the  vanadium  thereby  reduced 
to  the  tetroxide  compound 

VaOs  +  2H  Br = HaO  +  V304  +  Br2, 

with  separation  of  two  atoms  of  bromine  which  are  detemiined 
iodimetrically.  To  the  cold  solution  remaining  ín  the  distOKllg- 
flask,  potassium  iodide,  hydrochloric  acid,  and  syrupy  pboephoric 
acid  ara  added,  and  the  distillation  continued  until  no  more  iodine 
is  given  ofF  and  the  solution  ia  a  light  greem 

By  means  of  this  flecond  reduction  the  vanadium  tetroxide  is 
supposed  to  be  reduced  to  V,0S, 

VA+2HI-H10-hV10f+Iíf 

and  eonsequently  more  iodine  is  liberutcd  by  the  vanadium. 
Furthermore,  according  to  Friedheim  and  Euler,  the  molybdeJium 
is  reduced  to  Mo/V 

2MoOt +2HI = EJD + ilofiĚ+ 1*. 

If,  therefore,  the  amount  nf  iodine  correspondmg  to  the  first 
titration  is  deducted  írorn  the  amount  obtained  in  the  BOOOQd, 
the  difference  should  oORCBpond  to  the  amount  of  molybdenům 
přesetu.  But  Qooch  and  Fairbanks  háve  shown  that  this  is 
not  the  oase.* 

The  error  in  the  method  lies  in  the  fact  that  the  vanadii-  aoSd 
is  onlv  reduced  completely  to  VjO,  when  the  solution  is  distilled 
to  one-third  of  its  originál  volume.     In  <  ,   bowew,  the 

molybdenům  ifl  reduced  further  than  CorTOBpooda  ío  the  Eonnfttiofl 
of  MoyO^;  tun  much  iodine  is  libcrated  and  too  high  a  vahie  is 
Obtained  for  the  rnoiybdic  acid  present*  Ou  the  other  hand, 
if  aíknr  the  addition  of  the  potamUH)  iodide  the  tiotlid  Ls 
only  distilled  until  the  iodine  vapors  eeOBO  to  appear  and  the 
solution  is  a  light  greeu,  the  vanadium  Ls  not  oompld 
reduced  to  VjOj,  and  then  a  tOO  low  vahie  for  the  molybdenům 
is  obtainaiL 


♦The  rpaulfs  mí  Crooch  aiid  Fairbanka  háve  be*D  OOQfinSid  in 
spéct  by  BtaffatL 
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Analysis  of  Chlorates. 

This  is  carried  out  the  samé  way  as  the  analysis  of  pyrolusite 
(cf.  p.  524): 

KC108+6Ha  =  KCl+3HJ0+3Cl1 

N 
-fa  gm.-at.  iodine =  1000  c.c.  ^r  NajSjO,  solution  =* 

KCIO,    122.6      onAO  _„ 

=  "ěo~"     ~60~  =  gmS*  KC10»- 

Many  oxidizing  agents  can  be  determined  iodimetrically  with- 
out  previous  distillktion  with  hydrochloric  acid. 

Analysis  of  Soluble  Chromatcs. 

A  concentrated,  acid  solution  of  potassium  iodide  is  treated 
with  a  weighed  amount  of  the  chromáte,  diluted  with  water, 
and  the  liberated  iodine  titrated.  (Cf.  standardization  of  sodium 
thiosulphate  against  potassium  dichromate,  p.  510.) 

Detennination  of  Hypochlorous  Acid. 

This  determination  is  made  use  of  in  the  analysis  of  chloride 
of  lime. 

Proceduře. — Into  a  tared  weighing-tube  about  5  gms.  of  "chloride 

of  lime  "  are  introduced,  and  the  stoppered  tube  is  weighed.     Its 

contents  are  then  washed  into  a  porcelain  dish,  rubbed  to  a  paste  by 

means  of  a  pestle,  and  then  transferred  without  loss  to  a  500-c.c. 

measuring-flask,  diluted  up  to  the  mark  with  water  and  well  shakcn. 

Of  this  turhid  solution,  20  c.c.  are  run  into  10  c.c.  of  10  per  cent. 

potassium  iodide  solution,  and  after  acidifying  with  hydrochloric 

N 
acid  the  iodine  set  free  is  titrated  with  ^-r  Xa,S*Os.     The   result 

is  expressod  in  per  cent.  of  chlorinc. 

Remark. — If  the  'chloride  of  lime"  contained  calcium  chlo- 
rate  it  will  be  partially  reduced  by  hydrochloric  acid  and 
p:>tassium    iodide   with    liberation    of   iodine,   and    consequently 
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the  results  obtained  for  hyfMjchlorite  chtorine  (hleacliing  chlorine) 
will  be  too  high.  1 11  thifl  c&še  the  hypochlorite  Ls  best  determined 
by  a  chloritnetric  proeess  with  arsenioius  aeid  (sec  p.  539.) 

Determination  of  Lead  Peroxide. 

Mťthod  of  Dťthl,  modífieá  by  Topf* 

The  analysis  depends  upon  the  faet  that  lead  peroxide  is  re- 
duced  by  means  of  potassiuin  iodide  111  acetic  acid  solution  when 
considerable  alkali  acetate  is  present: 


Pb03  *  4HI  =  Pbl3  +  2H20  + 12. 


N 


After  diluting  with  water  the  iodine  Ls  titrated  with  ^  Na^SjO, 

solution. 

Proceduře. — About  5  gms.  of  the  substance  are  dissalved  with 
12  gms.  of  potassium  iodide  and  90-100  gms.  of  sodium  acetate 
ta  SQ  \\<\  of  50  per  cent.  acetic  aeid.  The  solution  h  diluted  with 
water  to  a  volume  of  250  c.c.f  and  titrated  with  sodium  thiosul- 
phate, 

This  exeeilent  method  may  also  be  ušed  for  the  analysis  of 
minium  {red  lead). 


Determination  of  Ozone  in  Ozonized  Oxygen. 


N 

10 


O,     48 

20      20 


>  e.c.  S:  N«A0a-3-  ^*2.4  gma.  Or 


(a)  Schonhcin'3  Method. 

The  gas  is  condueted  through  a  ten-bulb  tube  cont&ining 
a  dilute,  neutral  ■olution  of  potassium  iodide. %  whflO  the  folií »w- 
ing  reaction  takés  piaee; 

*  \  4-2E3  +  mfi  *  2K(  NH-HVf-I* 

*  Hiehlt  Dingl  polyt,  Jouni.,  ^411,  p.  196,  and  Topf,  Zeitschr.  ř,  analyt. 
Ctem  .XXVI  (18S7),fk  296. 

t  An  absolutely  clear  Bolution  rimst  be  obtained,  with  no  residue  of 
yellon  lead  Iodide, 

t  I.udenburg  and  Quasig,  Berichu*,  1901,  p.  1114,  and  Ladenbui£ 
Bnricht*,  1903,  p,  115. 
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The  gas  to  be  examined,  which  is  caused  to  pass  through  the 
absorption  vessel  by  means  of  an  aspirator,  must  not  come  in 
contact  with  rubber,  oř  other  substance  susceptible  to  oxidation, 
before  reaching  the  potassium  iodide  solution.  The  volume  of 
water  flowing  from  the  aspirator  gives  the  volume  of  the  gas 
drawn  through  the  apparatus. 

The   contents  of   the  tube  containing   the  potassium   iodide 

solution  are  poured  into  a  beaker,  and  the  deposited  iodine  is 

N 
titrated   with   TTxNajSjO,   solution.    The   result   is   expressed  in 

grams  of  ozone  per  liter  of  gas  measured  at  0°  C.  and  760  mm. 
pressure. 

(b)  Thénarďs  Method. 

The  gas  to  be  analyzed  is  caused  to  pass  through  a  titrated 
solution  of  arsenious  acid,  and,  at  the  end  of  the  experiment,  the 
excess  of  the  arsenious  acid  is  titrated  back  with  iodine  solution: 

208 + AsjO, = AsA + 20,. 

Both  of  the  above  methods  give  satisfactory  results. 

Determination  of  Iron. 

This  method  was  first  proposed  by  Carl  Mohr*  and  is  based 
upon  the  following  reaction: 

FeCl3+HI  +=t  HCl+FeCl^+L 

As  the  reaction  is  reversible,  it  is  necessary  to  háve  an  excess 
of  hydriodic  acid  present  in  order  that  it  may  také  pláce  quanti- 
tatively  in  the  direction  from  left  to  right. 

Proceduře. — The  hydrochloric  acid  solution  containing  a 
weighed  amount  of  the  ferric  salt  is  placed  in  a  300-c.c.  glass- 
stoppered  bottle,  the  greater  part  of  the  acid  is  neutralized  by  means 
of  sodium  hydroxide,  and  the  air  removed  by  means  of  a 
current  of  carbon  dioxidc.  After  this  about  5  gms.  of  potas- 
sium iodide  are  added,   the  bottle  closed,  shaken,  and  allowed 

•  Ann.  d.  Chem.  u.  Pharm.,  103,  p.  53. 
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tQ  stand  in  the  oatM  fot  twentv   ndnutes.     The  liberated  iodine 

N 
is  then  ťitrated  with  — -  sodium  thiosulphate  salut  ion.      As  ďOOH 
LU 

as  the  bhie  ooloi  has  disappeared  *  more  carbon  diuxide  is  con- 

ducted  thiough  the  solution,  the  bottle  is  stoppered  and  allowcd 

to  stand  for  a  few  minutes  to  kg  whethor  the  hlue  eolor  wil    rc- 

appear.     Should  this   be   the   ease,   more  thiosulphate   is   added, 

the   flask   again    stoppered    and    allnwed    to    stand.     If   a    hlue 

cnlor   again   appears,  the   solution    Containfi  too  lit  tle   potassium 

iodide,  so    that    it    is    necessarv    to    repeat   the   entire   analysis, 

using    1-2   gms.    more   of   it.     With    suílicient    pdtáwim    indicie 

and  anly  lit  tle  free  hvdroehlorir  acid,  the  reaetiun  is  always  cniu- 

plete  at  the  end  of  twenty  minu  tes.     The  results  obtained  are 

satisfactory. 


Determination  of  Hydrogen  Sulphide. 

>  c,r+  ^  Na2S.,< \,  BOlutiOD  =  3^  =  ?|£-8  -  1.704  00*   I  í  S. 


10 


20 


30 


If  a  solution  of  hydrogen  sulphide  is  treated  with  iodine,  it 
is  oxidized  with  separation  of  sulphur: 

JUS  +  2I-2HI  +  S. 

For  the  determimition  of  the  amount  of  the  pas  present  in 
hydrogen  sulphide  water,  a  measured   amount  is  transferred  by 

N 

means  of  a  pipet te  to  a  known  atuount  of  — -  iodine  solution   and 

the  excess  of  the  latter  is  titrated  with  thiosulphate  solution. 

If  the  aniount  of  hydrogen  sulphide  present  is  not  very  large, 
corrert  results  are  obtained  without  difficulty,  With  OODSÍder- 
able  hydrogen  sulphide,  on  t he  other  band,  the  depusited  sulphur 
is  tikety  to  bogIcmm  some  of  the  Iodine  solution,  as  shown  by  its 
brawn  cnlor;  this  iodine  esrupes  tht*  titraiioti  with  thiosulphate. 
In  such  i  čase,  the  film  of  sulphur  floating  on  the  surface  of  the 
litpiid  is  renioved  with  a  glass  rod  after  the  roinplction  of  the 
thiosulphate  titratíon,  transferred  to  a  glass-stoppered  cylinder, 
and  shaken  with  1-2  c.e.  of  Qftrboc   bi-ulphide.     The  latter  dis- 
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solves  the  iodine  with  a  violet  color  and  the  color  is  discharged 
by  the  addition  of  sodium  thiosulphate  solution.  In  this  way 
the  total  amount  of  the  iodine  that  remains  can  be  titrated. 

Remark. — This  method  can  be  ušed  to  advantage  for  deter- 
mining  the  sulphur  present  in  soluble  sulphides.  The  sulphides 
are  decomposed  as  descríbed  on  p.  271  by  means  of  acid.  and 
the  hydrogen  sulphide  evolved  is  conducted  into  a  definite  amount 

of  ^r  iodine  solution.     The  excess  of  the  latter  b  titrated  as 

above  with  sodium  thiosulphate  solution.  For  the  analysis  of 
alkali  sulphides,  the  solution  is  diluted  largely  with  boiled  water, 

an  excess  of  ^r  iodine  solution  added,  and  the  unused  iodine 

X 

titrated  with  jt  thiosulphate  as  before. 

Determination  of  Hydrogen  Sulphide  in  Minerál  Waters. 

X' 

A  measured  amount  of  ^  iodine  solution  and  2  gms.  of  potaš- 

sium  iodide  are  placed  in  a  tall  liter  cylinder,  1000  c.c.  of  the  water 
to  be  analyzed  are  added,  and  after  thoroughly  shaking,  the  excess 

of  the  iodine  is  titrated  with  r^.  thiosulphate.    The  standardiza- 

tion  of  the  iodine  solution  ušed  is  accomplished  by  measuring 
off  10  c.c.  of  the  solution,  adding  2  gms.  of  potassium  iodide,  di- 

\ 
luting  to  1  liter  with  boiled  water,  and  titrating  with  r~  thio- 
sulphate solution. 

Analysis  of  Arsenious  Acid. 

The  titration  is  effected  in  the  samé  way  as  in  the  standard- 

X 

ization  of  the  ^t  iodine  solution,  described  on  p.  511. 

Determination  of  Antimony  (A.  Weller). 

By  heatin£  a  pentavalent  antimony  compound  with  concen- 
trated   hydrochloric   acid   and  potassium   iodide  in  the  Bunsen 
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apparatus  (FSg.  75,   p,  523),  the  antimonic  acid    is   reduced   ta 
antimonous  acid  with  separation  of  iodine: 

8^0,+  4HI -  SbaOs  +  2H,0  +  21,. 

The   iodine   is   distilled    o  vor    intu   potassium   iodide  solution 

N 
and  titrateti  with  —  Na^O,  solution. 


Determination  of  Sulphurous  Acid. 

1000  c.c.  '—  iodine  solution  -^--£jj-  -3,203  gm«.  SO* 

The  determination  is  based  upon  the  folio mng  reaction: 

SOa + H,0  +  21  =  2H I + SOJf 

the  sulphurous  acid  being  oxidized  to  sulphurie  acid.  If  atarch 
is  added  to  a  solution  of  sulphurous  acid,  and  a  titrated  iodine 
solution  is  run  into  it  from  a  burette,  the  blue  color  will  not  he 
obtained  untO  all  of  the  sulphurous  acid  has  heen  aetcd  upon. 
Hurisen,  however,  in  IS54  showed  that  this  sensitive  reaction , 
whjch  was  first  ušed  by  Dupasqtiier,  will  only  také  pláce  quaiui- 
tatively  according  to  the  lbové  eujiation  when  the  solution  does 
not  contain  more  than  0.04  per  cent.  by  weight  of  80*.  With 
greater  concentrations  uniform  results  are  not  obtained.  This 
irrepularity  was  aseribcd  to  the  reversibility  of  the  reaction,  so 
that  it  was  Bttggtttftd  that  the  titration  be  performed  in  alkalinr 
solution,*  thus  removing  the  hydriodic  acid  :is  fast  as  it  is  íurmed. 
But  the  results  then  obtained  are  still  inaccurate.  Finkenerjf 
on  the  other  hand,  states  that  correct  values  will  be  obtained  if 
the  sulphurous  acid  is  allowed  to  run  into  the  iotline  solution. 

J.  Volhard  t  has  confirmed  the  resulls  of  Fiiikf*ii*T  and  shown 
that  the  anomalous  results  obtained  on  titrating  sulphurous  and 
with  iodine  are  not  due  to  the  reversibility  of  the  reaction,  for 
the  direct  addition   of   20   per    cent,  sulphurie   acid   is    without. 

*  Adililion  of  J  los  and  <  \q\íb). 

t  Finkcner-Rose,  Quantiiaih*-  Amily^  (1871),  p,  937* 
J  Ann.  d.  Chcin.  u.  Pliarm..  !ÍI2,    M. 
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infliience.  The  incomplete  oxidation  of  the  sulphuroufl  acid  is 
causcd  by  the  fact  that  the  hydriodic  acid  reduces  a  part  of  the 
8ulphurous  acid  to  free  sulphur:  * 

(1)  S02+4HI  =  4I  +  2H20+S. 

If  sulphurous  acid,  whether  dilute  oř  concentrated,  is  allowed 
to  run  into  a  solution  of  iodine  with  constant  stirring,  there  is 
coniplete  oxidation  of  the  S02: 

(2)  S02+2I  +  2H20  =  2HI  +  H2S04. 

If,  on  the  contrary,  iodine  solution  is  run  into  the  sohition 
of  sulphurous  acid.  both  reactions  will  také  pláce: 

(3)  3S02+4HI  +  2H20  =  2H2S04+4HI  t+S. 

Consequently  the  only  way  to  obtain  correct  results  is  to  add 
the  solution  of  sulphurous  acid  to  that  of  iodine.  In  the  analysis 
of  sulphites,  the  sulphite  solution  is  run  into  the  iodine  solution 
containimz  hydrochloric  acid. 

Determination   of  Formaldehyde  (Formaline).    Metfaod  of 
6.  Romijn.t 

Tíf^HO     10  O** 
1000  c.c.  N.  iodine  solution- — ^ —  -.'— ý-T- 15.01  gma.  forauddehyde. 

Principlc. — Formaldehyde  is  quantitatively  oxidized  to  formic 
acid  by  remaining  in  contact  with  iodine  for  a  short  time  in 
alkaline  solution: 

HCHO+H20  +  I2=2HI^H(X>OH. 

l\ixr%1ur<\—  The  aimeous  solution  of  formaldehyde.  known  com- 
r.  oroially    as  "  formaline."   contains  aNmt   40  per  eent.  of  for- 


•  1:  nxlino  solution  i>  adilcd  slouly  to  s  r.ot  HXMlilute  sulphurous  acid 

řohuiov.,  a  »::siir.ťt  svparř.tion  o:  sulphur  :s  ^»or.  app&rent. 

*  V\\r  lil  aťt#  as  s  caiaiysvt  Ai-\v:\i:r.c  :*»  Yolhani. 
^  .'.«:-x!:r  :.  anal.  0hť«'...36    1^7  .  p.  U« 
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u) aldehyde.     For  analysis,  10  c,c.  of  the  fonnaldrhyde  solution  are 

diluted  to  400  c.c,  and  of  this  1  per  <iut.  solution,  5  c.c,  (  -O ,125  &.£■ 

N 
of  the  originál  solut  on)  are  taken   fo  •  analysis.      40  c.c.  of   — 

iodine   souťion    are   added    and    inimediately    afterwards   stt 

sod  i  um  hydroxide  solution,  drop  by  drop,  unii)  the  eolor  of  the 

solution    ifl    a    l;p:ht    yellow;     it     18    then    ptaeed    une    side    for 

ten     minutes.      The    solution     is     then    ftddififtd     with     hydro- 

N 
chloric  acid,  and  the  unused  iodine  is  titrated  back  with  -r=  sodium 

iu 

ilphatc  solution. 

N 
1  c.c.  jr;  iodine  solution  =  0.001501  gra,  formaldehyde. 


B.  Reduction  Methods* 
Determination  of  Ferric  Iron  (Fresenius)** 

In  the  rase  of  all  niethods  previously  disrussed,  it  was 
nece»arv  to  reduce  the  iron  to  the  termos  OOOditJOD  before  it 
could  be  deteimiricd  vohuuetriealíy.  In  the  following  meť  hod. 
íirst  suggttted  by  Penny  and  Wallace.  huť  improved  by  Fresenius, 
tln-  iron  in  the  jvrric  roudition  may  be  determined  with  arniracy 
and  rapidity. 

The   hydroehiriríc   acid   solution    containing   ferric   chlorid*     i 
titrated    hot    with    stannous    chloride   solution    nntil    the   fonoer 
becomea  ookfksft.     By  this  means  the  ferric  salt  will  be  redueed 
to  ferrous  salt: 

2FeCl, + SnCl,  =  SnCI,  +  2FeCl2. 

Inasmueh  as  it  is  not  verv  easv  to  determine  the  end-point 
with  ftoouraoy,  beoatase  ik&  last  part  of  the  iron  is  redueed  wy 

it    is  nistoinarv   to   run  o\vr  the  eiid-poiut   and   to  titrate 
tln-  excese  of  the  stannous  chloride  w!th  iodine  solution 

Solutions  Reqarired,     l    A  Ferric  Chioi  dt  Solution  Ccnlatninga 

KnOWn    A  mou  ni    oj    lron.—  \t    is    prepared    1>y   ih  cxartlv 

10.08  pttB,  oí  bright  iron  wire  \n  hydroehloric  acid  within  a  long- 

*  Zeitechr.  f.  wuiL  Chcm.,  lf  p,  26. 
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necked  flask  held  in  an  inclined  position;  the  iron  is  oxidized 
with  potassium  chlorate  and  the  excess  of  chlorine  is  completely 
expelled  by  boiling.  The  solution  of  ferric  chloride  is  washed 
into  a  liter  flask  and  diluted  up  to  the  mark  with  water;  50  c.c.  of 
this  solution  contain  0.5  gm.  of  pure  iron.* 

2.  A  Stannous  Chloride  Solution. — 25  gms.  of  tin-foil  are  heated 
for  two  hours  on  the  water-bath  with  50  c.c.  of  hydrochloric  acid 
of  specific  gravity  1.134  and  a  few  drops  of  hydrochlorplatinic  acid 
in  a  porcelain  dish  which  is  covered  with  a  watch-glass.  Af ter  this, 
150  c.c.  of  hydrochloric  acid  and  an  equal  volume  of  water  are 
added,  the  solution  filtered  and  diluted  up  to  1  liter.  As  stan- 
nous chloride  is  oxidized  by  contact  with  the  air,  it  is  placed 
in  a  flask  which  on  one  side  is  connected  with  the  burette  as  shown 
in  Fig.  71,  p.  442,  and  on  the  other  side  with  a  Kipp  carbon  di- 
oxide  generátor. 

3.  An  Iodine  Solution  Approximately  Tenth-normal. 
Proceduře. — (a)  Standardization  of  the  solutions. 

First  of  all,  the  stannous  chloride  and  iodine  solutions  are 
titrated  against  one  another.  About  2  c.c.  of  the  former  are 
measured  from  the  burette,  diluted  to  about  60  c.c,  a  little  starch 
solution  added,  and  the  mixture  titrated  with  iodine  until  a 
blue  color  is  obtained. 

Next,  50  c.c.  of  the  acid  ferric  chloride  solution  containing 
a  known  amount  of  iron  are  titrated  against  the  stannous  chloride 
solution. 

(6)  Determination  of  iron  in  hematite.  5  gms.  of  the 
finely-divided  ore  are  ignited  in  order  to  destroy  any  organic 
matter  which  may  be  present,  then  placed  in  a  long-necked  flask 
and  boiled  with  concentrated  hydrochloric  acid  and  a  little  potas- 
sium chlorate  until  the  iron  oxide  is  all  dissolved,  leaving  behind 
nothing  but  a  white  sandy  residue.  After  this  20  c.c.  more  of 
hydrochloric  acid  are  added  and  the  boiling  is  continued  while 
a  current  of  air  is  passed  through  the  solution,  until  all  the  excess 
of  chlorine  is  completely  removed  and  the  escaping  vapors  will 
no  longer  set  free  iodine  when  passed  into  a  potassium  iodide 
solution.  The  solution  thus  obtained  is  diluted  to  exactly  500  c.c. 
and  50  c.c.  of  it  are  taken  for  the  analysis. 

*  The  assumption  beiiig  made  that  the  iron  wire  coutained  99.7%  pure  iron 
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Example. 

1.  Standardization  oj  the  reagenís: 

2   c.c.  of  stannous  chloride  solution  require 
7.2  c.c.  of  iodine  solution.     1  c.c.  iodine  solution  =0.278  c.c.  SnCl, 

50  c.c.  ferric  chloride  solution  (  =  0.5  gm.  iron) 
require  for  deoolorízatíoQ ......     30.34  c.c.  SnCl, 

and  for  the  titration  of  the  excess  0,51  c.c.  of 
iodine  solution -0.51  XO-28 ..........       0.14  e.c.  SnCl, 

Consequently,  50  c.c  ferric  chloride  solution 
-0.5  gm.  iron .  =30.20  c.c*  SnCl, 

and  1  c.c.  SnCl,  =  ^^=0.01 666  gm.  Fe. 

2.  Titration  o/  the  solutúm  to  be  analyzed: 

50  c.c.  ( =  0.5  gm,  of  iron  oře)  require 18.96  c.c.  SnCl, 

and  for  the  titration  of  the  excess,  0.64  c.c.  of 
iodine  =  0.64x0.28 -  0.1S  c.c.  SnCl, 

so  that  0.5  grn.  of  oře  corresponds  to 18,78  c.c.  SnCl, 

and  cnntain,  therefore,  18.78X0.01656- 0.3110 gm.  Fe, 
and  in  per  cent.: 

0.5:0.3110=  100:3 
x= 62.20  percent.  Fe. 


Determination  of  Hypochlorous  Acid  by  Means  of  Arsenious  Acid. 

N 
1000  ť.c.  -rrr  AaaOi«^3,54«5  gms.  elilorine. 

On  adding  arsenious  acid  to  a  solution  of  1  hypochlorite,  the 
former  is  oxidized  to  arsenic  acid,  wliilc  the  latter  is  reduced  to 
chloride: 

2  XaOCI  +  AsA  -  As,05  4-  2NaCh 

The  end-point  is  reached  when  a  drop  of  the  solution  addcd 
to  a  piece  of  iodo-starch  páper  will  cause  no  blue  coloration. 

Alkali   hypochJorites   and   chloride  of   linie  may  be  anal 
by  this  nicthod  and  the  results  oUainrd  are  more  rcliahle  than 
in  the  čase  of  those  obtained  by  the  iodimetric  method  drscribod 
on  p.  530,  for  the  presence  of  chlorate  has  no  effect  in  this  čase. 
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III.  PRECIPITATION  ANALYSES. 
z.  Determination  of  Silver.    Method  of  Gay-Lussac. 

This  exceedingly  accurate  determination,  which  is  extensively 
ušed  for  testing  silver  alloys,  depends  upon  ťhe  precipitation  of 
silver  chloride  from  nitric  acid  solution.  Common  salt  is  ušed 
as  the  precipitant. 

Solutions  Required.  1.  Sodium  Chloride  Solution  of  Known 
Concentration. — For  convenience,  it  is  customary  to  make  the 
solution  of  such  a  strength  that  1000  c.c.  correspond  to  exactly  5 
gms.  of  silver.  It  is  more  practical,  however,  to  use  a  some- 
what  weaker  solution,  consequently  2.700  gms.  of  chemically  pure 
salt  are  dissolved  in  distilled  water  and  diluted  to  1  liter. 

2.  Decimal  Solution  of  Sodium  Chloride. — 100  c.c.  of  the  above 
solution  are  diluted  with  distilled  water  to  1  liter. 

In  laboratories  where  silver  determinations  are  frequently 
made,  the  above  solutions  are  made  up  in  much  larger  quanti- 
tics  and  kept  in  bottles  similar  to  the  one  shown  in  Fig.  71,  p.  442. 
Tiie  stronger  solution  is  connected  with  a  100-c.c.  pipette  and 
the  decimal  solution  with  a  burette. 

Standardization  of  the  Sodium  Chloride  Solution.  —  Exactly 
0.5  gm.  of  chemically  pure  silver  are  weighed  into  a 
200-c.c.  flask  provided  with  a  well-ground  glass  stopper,  and 
dissolved  in  10  c.c.  of  nitric  acid  of  specific  gravity  1.2,  free 
from  chlorine.  The  solution  is  hastcned  by  heating  on  a  sand- 
bath.  When  the  silver  has  dissolved,  the  solution  is  heated  to 
boiling  in  order  to  expel  the  nitrous  acid  formed.  The  brqwn 
vapors  collecting  in  the  flask  are  removed  by  blowing  in  air. 
As  soon  as  no  more  of  these  are  formed,  the  flask  is 
removed  from  the  sand-bath,  and  allowed  to  cool.  To  the 
silver  solution  exactly  100  c.c.  of  the  stronger  salt  solution  are 
added,  the  flask  stoppered,  and  vigorously  shaken  until  the  pre- 
cipitated  silver  chloride  collects  together,  and  the  supernatent 
liquid  appears  clear. 
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As  the  salt  solution  was  niade  up  a  little  weak,  the  precipita- 
tion  of  the  silver  is  not  quite  complete  and  conscquently  more 
sodium  chloride  most  be  added.  For  this  purpose  half  a  ctibic 
centimeter  of  the  riacfaliiJ  salt  solution  h  added  from  the  burette, 
so  that  the  solution  runs  down  the  sides  of  the  flask  upon  the 
surfaře  of  the  iiquid,  causing  a  clistinct  eloud  of  silver  chloride 
to  be  formetL  The  Uquid  ia  shakeDj  iUowed  to  nttle,  Bgain 
treated  with  half  a  cubic  centimeter  of  the  derirnal  salt  solution, 
and  the  procew  repeated  until  liiially  the  addition  of  the  salt 
solution  fails  to  produee  aiiv  inrlher  nirbidity ;  the  last  half  cubic 
centimeter  is  not  ušed  in  the  ealenlation. 

Exttm-pte. — 0.5  gin.  of  chemirally  pure  silver  (}HS  fine)  re- 
quired  100  c.c.  of  the  standard  salt  solution +  1  c.c,  of  the  decímal 
solution ,  Le.,  UKX1  B.fl,  of  the  salt  solution  correspond  to  1000 
silver;  *    this  is  the  value  of  the  salt  solution, 

er  Dclermiiwtion. — In  order  to  obtain  absolutely  accurate 
nsults  it  is  necessary  to  employ  the  samé  aniount  of  silver  for 
the  analysis  as  was  ušed  in  the  standard  izat  ion  of  the  soliomn. 
ciinsetnient.lv  the  approximatě  arnount  of  silver  present  in  the  aBqy 
mu>t  he  detemuned.  This  can  be  accomplished  by  tHSpeflfttJOOj 
ur  vuhunetriraily  by  the  rnethod  of  Ynlhard,  deecribed  furtiirr  on. 

Exampte* — It  was  found  by  eupellation  that  an  alloy  enntahied 
ahout  f£®ó  fine  silver;  for  the  ti  tra  lion  an  aniount  must  be  taken 
which  will  contain  0.5  gm.  of  silver;   we  háve  then 

x =0.625  gm, 

We  weigh  out,  therefore,  0-625  gm,  (  =  1250f)  of  the  alloy  and 
piOCeed  exaetlv  a>  i  ii  the  standard  i /at  ion. 

1250  of  alloy  require  for  the  proripitation  of  the  silver  100  . ■,<■. 
of  the  standard  salt  soluťmiH-  8  CG.  of  the  decimal  solutioti,  i.e., 
1250  parts  of  the  alloy  require   100,3  cx.  of  the  standard  salt 


*  For  ronvenienoe  in  ralculaťmn,  0.8  írtn.  of  pure  silver    is    designated 
l>y  lono,  0.26  gm,  bý  80%  w>d  OJ  gm.  by  250,  ete. 

t  If  0.5  gm,  -  1  OTrf),  then  0.5: 1000=  0,625 :  t ;    í     I  200. 
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solution.    Since   100.1   c.c.   of  this  salt  solution  correspond  to 
1000  parts  of  pure  silver,  we  háve 

100.15  1000=100.3:*; 

* 

a?= 1QQ1       =1002  parts  silver  in  1260  parts  of  alloy; 

to  that  in  1000  parts  of  ťhe  alloy  ťhere  will  be 

1250: 1002= 1000:s 

3=801.6  parts  fine  of  silver. 

This  proceduře  is  designated  as  the  French  method  in  contrast 
to  ťhe  German  or  Dutch  method.  In  the  latter  čase,  0.5  gm. 
of  the  alloy  (  =  1000)  is  weighed  out  and  the  samé  amount  of 
silver  is  added  which  the  alloy  lacks  in  fineness.  In  this  way 
one  more  weighing  is  necessary,  but  the  calculation  is  somewhat 
simpler. 

Example. — By  cupellation  an  alloy  is  found  to  contain  fffo 
silver.  In  order  to  make  the  silver  equal  1000,  200  parts  of 
fine  silver  must  be  added.  For  the  analysis,  therefore,  0.5  gm. 
of  the  alloy  and  0.1  gm.  of  pure  silver  (=200)  are  taken,  dis- 
solved  in  nitric  acid,  and  titrated  with  sodium  chloride. 

For  the  titration  of  the  alloy,  100.25  c.c.  of  the  stronger 
salt  solution  were  required,  or  of  the  decimal  solution,  1002.5  c.c. 
and  for  the  titration  of  1000  fine  silver  (0.5  gm.) 1001.0  c.c. 

Difference =  1.5  c.c. 

As  1  c.c.  of  the  decimal  solution  corresponds  to  rfav*  silver, 
it  is  evident  that  1.5  c.c.  are  equivalent  to  j^fo  silver.  If  this 
amount  is  added  to  the  assumed  silver  contents  (in  this  čase  800), 
the  true  fineness  of  the  silver  alloy  will  be  obtained;  i.e.  801.5 
parts  fine  silver. 

*  100.1  c.c.  of  the  stronger  salt  solution  =  5  gms.  JgJJ  silver,  then  1001  c.c. 
of  the  decimal  solution  correspond  to  the  samé  amount,  and  1  c.c.=  TTJ»51y 
•ilver. 
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2.  Deteimination  of  Silver  (Volhard). 
1000  c.c.  ^r  KCNS=£f  ~  ^rir  -  ia7ga  ^  ^ 


10 

If  to  a  silver  solution  containing  iron  ammonium  alumt  free 
from  chloride  but  containing  onough  nitric  acid  t<>  disrharge  the 
brown  fiolof  of  the  iron  salt,  a  sohition  of  alkali  sulphocyanate  ís 
added,  wliite  insoluble  silver  sulphocyanate  is  precipitated : 

AgNOs  +  KCNS  -  KNO, + AgCNS. 


When  all  the  silver  is  precipitated,  the  next  drop  of  the  sulpho- 
cyanate sohition  will  cause  a  permanent  red  coloration  due  to  the 

frmnation  of  ferric  sulphocyanate. 

RftfHircments.  1.  Tenth-normat  Silver  Solution, — 10.793  gins. 
of  ofaemically  pure  silver  are  dissoived  in  nitric  acid  free  frotii  chlo- 
ride, boiled  until  the  nitrous  acid  is  all  removcd,  and  diluted 
with  difftiBed  water  to  a  volume  of  1  liter. 

2.  Ttnih-normai  Poíassiam  (or  Ammonium)  Sulphocyanate  Solu- 
tion,—As  both  of  these  salts  are  hygroscopic  and  cannot  be  drii-il 
without  decomposition,  an  exactly  tenth-nonnal  sohition  cannot 
1h  prepared  by  weighing  out  the  solid  salt,  Approximately,  the 
right  amount  (about  10  gms.  KCNS  oř  9  gms,  NH4CNS)  is  dis- 
soived in  a  liter  of  water  and  the  solution  standardized  against 
the  silver  solution. 

3.  iTon-ammonium  Alum  Solution.—  A  cold,  saturated  solution 
of  ferric  alum  to  vvhich  enoogh  nitric  acid  is  addcd  to  cause 
the  disappearance  of  the  bmwn  rulor,  Of  this  índicator  the 
samé  amount  is  ušed  for  all  titrations.  about  1  or  2  c.e.  for  100  cc 
of  the  silver  sohition. 

For  the  standardizntion  of  the  sulphocyanate  solution,  20  c,t\ 
of  the  silver  solution  are  placet!  in  a  beaker,  diluted  with  about 
50  cc.  of  water,  and  1  c.e.  of  the  indicator  addcd.  The  sulpho- 
cyanate  solution  is  then  added  from  a  burette,  with  eonstaut 
stirring,  until  $  permanent  red  color  is  obtained* 
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Defermination  of  Silver  in  Silver  Alloys. 

About  O.ó  gm.  ní  the  brightly  potishcd  nictal  is  dissohred  in 
nitrie  acid  of  apedfio  gravity  1.2.  the  solution  boiled  to  expel 
the  nitrous  acid,  diluted  with  coUl  water  to  about  50  c.c.,  and 
after  lbe  addition  of  1  c.c.  of  the  ferric  alum  sólu t ion  ít  is  titrated 
with  the  sulphoeyanate  solution  as  in  the  standardization  of  the 
latter.  The  presence  of  metala  whosc  salts  are  cotarlcss  does 
not  influence  the  aceuracy  of  this  determinaťiHn,  except  that 
mercury  must  be  absent  because  itfl  sulphoryanates  are  insol- 
uble.  Nickel  and  cobalt  must  not  be  present  to  any  extent, 
because  their  salta  are  colnred.  and  not  more  than  60  per  cent. 
of  copper  in  an  alloy  ifl  penuissible,  In  čase  more  copper  is  present 
the  íoOowing  prncpdu re  must  be  ušed:  The  silver  is  precipitatctl 
by  means-  of  an  excess  of  alkali  sulphncyanate,  washecl  completely 
with  water,  the  funnel  placed  nver  an  Erlenmeyer  flask,  the  a; 
of  the  niter  broken,  ita  enntcnts  washed  into  a  flask  by  means  of 
eoneentrated  nitrie  acid  (sp.gr.  1.1).  and  the  liquid  heated  togentle 
boiltng  for  threeKpiarters  of  an  hour.  As  the  sulphuric  ar  id 
formed  wiB  háve  some  influence  upon  the  subsequent  titration, 
the  solution  is  diluted  with  water  to  almut  100  c>c,  and  a  con- 
centrated  barium  nitráte  solution  is  added  drop  by  drop  until 
the  sulphuric  acid  ia  all  preoipttatedj  after  which  the  silver  is 
titrated  with  sulphocyanate  solution  without  filtering  off  the 
barium  sulphate. 

Determination  of  Chlorine. 


(a)   Volharďs  MeÚiod, 

N  01 

1000  c.c,  r^  ÁgN04  flolution  =^:=»3.545  gms,  chlorine, 

N 

The  solution  of  the  chloride  is  ťreated  with    an   excess  of  — 

silver    solution    and    tle  of    the    latter   is    titrated    ířith 

sulphocyanate  solution,  after  the  addition  of  ferric  alum  and 
nitrie  acid.  Frorn  the  amount  of  silver  required,  the  amount  of 
chlorine  is  calculated. 
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(b)  Fr.  Mokr'*  Method, 

If  the  neutral  solution  of  au  alkaliiie  oř  alkaline-earth  chloride 
contuiniug  a  few  drops  of  potussium  chromáte  solution  *  ifl  trcuted 
wiťh  silver  nitráte  solution,  added  from  a  burette,  a  red  preeípi- 
tate  of  silver  chromá  to  ifl  formed  whieh,  cm  stin-mg,  diaappeara  on 
account  of  its  bcing  decomposínl  by  the  alkali  chloride  to  silver 
chloride  and  alkali  chromáte: 

Ag3CrC4  +  2  NaCi  =  2  AgCl  +  Na^CrO,. 

When  all  of  the  chlorine  is  changcd  ta  ítin  duble  silver  chloride, 
the  next  drop  of  the  silver  BolutioD  will  iinpart  a  permanent 
reddish  color  to  the  liquid.  For  smál!  amounts  of  chloride  in 
eiweoiitratod  solutions  this  trufhud  gives  verv  sharp  rcsults,  In 
ad  cases,  a  blank  experiment  must  be  madi*  ť>  >«*e  how  mých 
of  the  silver  solution  is  lurossary  tu  produee  the  red  flfa&cta  ušed 
ID  the  titration  when  DO  chloride  is  prosent,  and  this  amoiint 
must  be  deducted  from  that  ušed  in  the  analys  i-. 

Determination  of  Bromine. 
{(j)   Volhartr*  Měthod. 

X  Br 

1000  c-c.  f^  AffNOj  Holutitm-  —-=7.996  grns.  bromine. 
10  10 

The  proceduře  is  the  samé  as  in  the  čase  of  the  chlorine  deter- 
mination abovo. 

(b)  Fr.  tfft&rt  Methml. 

The  proceduře  is  the  samé  as  in  the  rase  of  the  chloride  deter- 
mination. 

Determination  of  Iodine.     Volharďs  Method. 

N  T 

1000  c.c.  TK  AgN <.'».»  soluíiuu  -^r  — 12.686  nms.  iuilinn. 

lf  sibrr  iodick  i>  pnxluoed  in  b  solution  of  ;m  iodfcta  by  the 

addition   of  silver  uhráti  .   fcfafl    precipitate  will   usuallv  enelose  a 

*  T.unírě  use*  HxHurii  arseniatc  ftfl  iiniinttur.  and  this  is  to  bfl  rccom- 
metiuVil  OD  ucrount  of  the  chft&ge  from  OoIoTÍOM  to  browu  being  very  eacty 
to  detect. 
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n:ea^urable  aniount  of  either  the  soluble  iotlide  ar  the  silver  nitráte, 
so  that  the  analysis  cannot  be  aeeomplished  m  the  samc  wa\ 
ín  the  analysis  of  chlorides  and  broinides. 

The  solution  h  placed  in  a  gladft-etoppered  fíask,  diluted  to 
200-300  c.e,,  and  the  silver  solution  i%  added  with  vigorous  shak- 
ing  nutil  the  yellow  precipitate  col  ects  together  and  the  superna- 
tant  liquid  appears  colorlrs-v  As  'uii^  as  the  solution  appears  milky 
the  precipitatioti  is  not  coruplete.  A  lit  tle  more  silver  nitráte  is 
íinally  added  and  the  solution  again  shaketi  in  order  to  precipitate 
any  íodide  LQ  the  pores  of  the  silver  iodide.  Then  ferric  alurn 
solution*  is  added,  the  excess  of  silver  íitrated  with  potassium 
sulphocyanate,  and  the  iodine  calculated  froin  the  amount  of 
silver  ušed,     In  this  way  Volhard  obtained  exact  results. 

Determination  of  Cyanogen. 

(a)   Volharďa  Met  hod, 

1000  c.c.  ^  AgXO,  solution  =~  =  2.604  gtns.  CN. 

If  an  excess  of  silver  nitráte  is  added  to  a  solution  containing 
potassium  evanide  and  we  attempt  to  ti  tratě  the  excess  of  the 
former  by  means  of  potassium  sulphoevanate,  using  a  ferric  salt 
as  an  indicator.  there  will  be  no  distinct-  end-point,  becaiise  the 
silwr  rván  id  r  rvarts  with  the  ferric  sulphoeyanate 

3AgCN  +  Fe(CNS)a + 3HNO,  =  8AgCNS  +  3HCN  +  Fe(  NO.),. 

The  red  rolor  obtainrd  in  the  titration  will  disappear  on  stirring. 
If,  however.  the  iieutral  cyanide  solution  is  treated  with  an  exr 
of  the  silver  solution,  then  slightly  acMifiad  with  nitric  acidt  di- 
luted  up  lo  a  deSnite  volume  in  a  rneasuring-flask  and  filtered 
through  a  drv  niter,  the  excess  of  silver  can  then  be  titrated  in 
an  aliquot  part  of  the  filtráte. 


*  Tlie  ferric  solution  mtist  not  be  tdáfíd  l>«*fore  the  iodine  ia  ronipletely 
preeipituted,  because  in  ací«:  ti   jí   oxidizes  the  hydriodic  acid  with 

reparát  ion  of  iodine*     Silver  iodide,  however,  is  without  action  on  ferric 
salts. 
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(b)  bkbitf*  Mdkodj* 

1000  c.c.  ^  AgXO,  Bolution«~«5.2ns  gUL  CN. 

On  adding  silver  nitráte  Bohltíoa  drop  by  drop  to  a  neutral 
OT  alkaline  alkali  cyanule.  a  white  precipitate  is  formed  when 
the  twn  lítiuiils  first  cnrue  in  enntaet  with  one  another.  blit  <m 
stirring  it  redissolves  owing  to  the  formát  ion  of  potassiuin  silver 
eyanide: 

AgCN + KCN  -  Ag(CN  )2  K 

As  soon  as  all  of  the  cyanogen  is  transfonned  into  potassium 
silver  eyanide,  the  next  drop  of  the  silver  solution  wili  produce 
a  permanent  turbidity: 

Ag(CN)  7K + AgN03  -  KNOs + 2  AgCN. 

The  total  reaction  b,  therefore, 

2KCW  +  AgNO,= KNOa  +  Ag(CN),K. 

1  Ag  oorreepondfl  to  2  CN  and  the  end-point  of  the  reaction 
is  shown  by  the  formátům  of  a  permanent  precipitate, 

The  alkali  eyanide  solution  is  pláce*  l  in  a  beaker,  a  lit  tle  potas- 
sium hydroxide  is  added,  and  the  solution  diluted  to  a  volume 
of  aboiit  100  c.c.  The  beaker  is  placeri  upon  a  pieee  of  black 
glazed  páper  and  titrated  with  constant  stirring  until  the  tur- 
bidity is  obtained. 

For  the  analysis  of  free  hydrocvanic  acid,  the  solution  is  sátu- 
rated  with  potassium  hydroxide  and  treatetl  as  above. 

DetenninatioQ  of  Chlorine  and  Cyanogen  in  the  Presence 
of  One  Another. 

First,  the  cyanogen  is  determined  by  the  method  of  Liebig,  and 
then  enough  silver  solution  is  added  to  oonverf  all  of  the  eyanugen 
and  chlorine  into  their  silver  saits.  The  solution  is  aridified 
with  tutric  acid,  diluted  with  water  to  a  definite  volume,  filtered 
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through  a  drv  filter.  and  an  alif|Uot  part  of  the  filtráte  Ušed  for 
tlii'  litration  of  u  silver  by  -mm  sulpho- 

eyanat<\  aeeording  to  Vblhaiti,    The  ealculation  of  the  cywog 
aml  ehlorine  \>  illustrated  by  the  following  example: 

10  c.c.  of  the  solution  required  for  the  production  of  a  per- 


;í nt  turbiditv  t  B.c,  -■--  whwr  solution. 


Then  an 


10 


silver  solution  ta  added  vT  c.c.  bdng  t ho  total  ammint  used)j  the 

solution  aeidified  with  nitric  acid,  diluted  (o  exactly  2ÍM)  e.c.,* 

Ugh  a  drv  fiJter,  and  the  exeess  of  the  .silver  titrated 

\ 

in  K mi  r.c.  uí  the  filtráte;  thia  required  /,  <\c\  —  potassium  BUipoo- 

a\v  solution.  Consequently  the  amount  of  eyanogen  pres- 
ent  is  /x  0,005208  gOl,,  and  the  ehlorine  present  amounts  to 
[T-(2t+Q]  0.003545  gni. 

Determination  of  Sulphocyanic  Acid.     Volharďs  Method. 

\  BGřflfl 

lOOG  cc,  ~  AgNO,  solution  =     jg— —  5.91 1  ?ms.  HCNS. 

This  is  the  reverse  of  the  silver  determination  (p.  543).     Au 

excese  of     -  silver  solution  is  added  to  the  solution  containin^ 

the  sulphoeyaiiate,  and  the  exeess  of  silver  is  titrated  with  potaš* 
;  sulphocyanate  solutinit,  using  ferric  alum  as  an  indicatnr. 

Determination  of  Sulptaocyairic  and  Hydrocyanic  Acids  in  the 
Presence  of  One  Another. 


A  lit  tle  potaflshun  hydroxide  ía  added  to  the  solution,  and 
after  diluting  to  about  IDO  re,  the  eyanogen  is  titrated  by  the 
method  of  Lkbig  (p,  547).  Then.  after  adding  an  excese  of  silver 
eolutiozij  nitru-  acid  is  added  to  acid  reaction,  and  the  e 
the  silver  ifl  titraled  with  potaffiknn  sulphoryanate  in  an  aliquot 
of  the  filtráte. 

*  The  operutton  is  perfonned  in  a  ineasuring-flask.     After  the  addittoa 
of  the  arid,  the  flosk  is  filled  up  to  the  mark  with  water,  thoroughly 
lim  filtered. 
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Determination  of  Hydrochloric,  Hydrocyanic,  and  Sulphocyanic 
Acids  in  the  Presence  of  One  Another, 


In  one  portion  the  cyanogen  is  determined  according  t<»  Lfcbíg; 

N 
A  seoood  portion  is  treated  with  au  exeem  of    -silver  sotatioir, 

acidiíied    with   nitric   acid,   ultered.    the   precipitaťe   Wftshed    with 
w&ter,  um  I  the  exceaaof  silver  io  the  filtráte  determioed  according 

to  Vnlhard.  The  filter  containing  the  precipitatr  ifi  WBíbůd  by 
incaus  of  concentrated  nitric  acid  fanto  a  flask  and  hnile*!  for 
thrce-quarters of  an  hour.  By  tibia  means  the  cyanide  and  sulphu- 
cyanate  of  silver  go  intu  solution,  vvhile  the  silver  chlor 
remains  undissolved.  The  soluťion  is  diluted  to  about  100  re, 
a  suflieient  anmunt  of  barium  mtratr  ifl  addni  to  precipitate  tfu> 
sulphurie  acid  fornied,  and  the  silver  corresponding  to  the  ryanide 
and  sulphocvanate  i  titrated  with  potAfisiuXD  sulphocyanate  with- 
out  filtering  ofí  the  silver  chloride  or  barium  sulphate. 
The  calculation  is  accomplishcd  as  folio  \ 

N 

1.  For  the  titration  of  the  cyanide  in  alkaline  solution,  *  c.c.  *— 

silver  solution  were  necessary,  and  for  the  preeipitation  of   the 

N 
samé  amountof  cyanogen  in  acid  solution  2  t  c.c.  —  silver  solu- 
tion were  required. 

2.  For  the  preeipitation   of   the  ehlorine  +  cyanogen -fsulpho- 

cyanogen  in  acid  solution,  T  c.c.  of  ~  silver  solution  were  ušed. 


10 


X 


3.  Finally,  řt  c,c,  —  BX3N8  Botation  were  ušed  for  the  preeipi- 
tation of  the  silver  cyanide 4-  sul phocya&ide. 
Th.-ti 
1    ( Vanogen  - 1  <  QM  152 1  gm.  CN. 

(ť,  -  2  ()  XG.005SI  gm.  CNS. 
3,  Clilorine  =  (r-íl)  X 0.003545  gm.  Cl. 
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Determination  of  Sulphuric  Acid  (Andrews).* 
1000  c.c.  ^  NaAP.-1^-^^.**  gms.  H,S04. 

The  solution  of  the  sulphate  is  treated  with  an  excess  of  a 
hydrochloric  acid  solution  of  barium  chromáte,  by  which  meana 
barium  sulphate  is  precipitated,  while  an  equivalent  amount 
of  chromic  acid  is  set  free.  If  the  solution  is  then  neutralized 
with  ammonia  oř  calcium  carbonate,  the  excess  of  barium  chro- 
máte is  precipitated  and  can  be  filtered  off  with  the  barium  sul- 
phate. In  the  filtráte,  the  amount  of  free  chromic  acid  is  deter- 
mined  volumetrically  by  acidifying  with  hydrochloric  acid,  adding 
potaasium  iodide  and  titrating  the  deposited  iodine  with  sodium 
thiosulphate  solution. 

The  barium  chromáte  ušed  for  this  determination  must  be  com- 
pletely  free  from  soluble  chromáte  and  can  contain  no  soluble 
barium  salt  nor  barium  carbonate;  the  presence  of  barium  sul- 
phate exerts  no  influence. 

It  is  best  to  prepare  the  barium  chromáte  by  precipitating 
barium  chloride  with  potassium  chromáte  at  the  boiling  tem- 
perature.  The  precipitate  is  washed  first  with  boiling  water  con- 
taining  a  little  acetic  acid,  then  with  pure  water  and  dried.  The 
solution  ušed  for  the  analysis  is  obtained  by  dissolving  2  to  4  gms. 
of  the  dry  salt  in  1  liter  of  normál  hydrochloric  acid. 

Proceduře. — The  solution  of  the  sulphate,  which  at  the  most 
should  contain  not  over  2  per  cent.  of  SOa,  is  almost  neutralized 
(in  čase  it  reacts  acid)  with  potassium  hydroxide  solution,  pre- 
cipitated at  the  boiling  temperature  with  an  excess  of  the  hydro- 
chloric acid  solution  of  barium  chromáte  and  boiled  for  one  minuté. 
If  the  solution  originally  contained  carbonate,  the  boiling  is  con- 
tinued  for  five  minutes.  The  precipitated  barium  sulphate  always 
carries  a  little  barium  chromáte  with  it  and  consequently  appears 
yellow  in  color. 

To4he  boiling  solution,  calcium  carbonate  free  from  alkali  is 
added  in  small  amounts  until  there  is  no  further  evolution  of  carbon 
dioxide,  after  which  the  hot  liquid  is  filtered  and  the  precipitate 
washed  with  hot  water. 

*  Amor.  Ohem.  Journ.,  2,  567. 
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After  cooiing,  an  excess  oí  potassium  iodide  is  added  and  5  c.c, 
of  coneentmted  hydrocliloric  acid  for  eaeh  100  b»c,  *>f  the  solution; 
the  liberated  iudine  Ls  titrated  as  described  on  \k  530. 

Remark. — When  iron,  nickel  or  zinc  salts  are  contatned  in  the 
solution,  tlie  acid  prrsent  cannot  be  neutralized  with  ealeimn  rarboti- 

becniM  these  salts  when  boďed  with  ealeimn  caťbonate  and  a 
soluble  chromáte  form  insoluble  hasič  chromát  es,  so  that  tOO  lit  tle 
chromie  acid  will  be  found  in  the  filtráte  rorrcspwiding  to  too  little 
sulphuric  acid,  In  such  a  oase  the  neutralizatioii  Ls  eřTeeted  \\ii'i 
aniiuuiua,  an  09(0688  being  added,  the  solution  boiled  until  the 
-s  is  ahnost  entirely  exjjelled  and  then  filtcred. 

Determination  of  Phosphoric  Acid.     Method  oř  Pincus. 

Pjrwrapíe,— If  a  neutral  snluťmn,  or  one  slightly  acid  with 
acetic  acid,  kfl  treated  with  uranyl  acetate,  a  greenish-white  pre- 
cipitate of  uranyl  phošphate  is  formed: 

KH,P04+ UO/C.H  A)«  -  KC,H  s03  +  HC2H  A+ t  AHPO«. 

If  at  the  samé  time  ammormun  salts  are  present,  amnioiiium 
is  contained  in  the  precipitate: 

KHzP04  4-  t  02(C2H  A)t  +  NH4C2H  ft- 

-  KC2H  A  +  2HC2H,<  X  +  rO,NH«POá. 

The  end  of  the  preeipitation  m  delermined  by  testing  a  drop 
of  the  solution  on  a  poreelain  tile  with  potassium  íerroevatiidc. 
As  BOOS  as  all  of  the  phosphoric  acid  ifl  procipitated  and  the  solu- 
tion eontains  a  traee  of  uranyl  acetate  in  excess,  the  ferrocyanide 
solution  produees  a  brown  coloratinn. 

In  ordcr  to  completely  precipitate  the  phosphoric  acid,  it  U 
QeeeflBary  to  titratc  in  a  hoilirur  bot  solution.  Ast  however,  a  solu- 
tion  of  calcium  phošphate  will  become  turbid  on  boiling,  OWlHg 
tO  the  řuriuation  of  sccondary  calciuni  phošphate  (CaHPO,),  it  is 
best  to  precipitate  the  greater  part  of  the  phosphoric  acid  ta  the 
cnld,  then  heat  to  boiling  and  eom plete  the  titralion. 

Requiretncnts.  1.  Potamium  Phošphate  Snlution. — This  is  oh- 
tained  by  dissolving  19.179  gms,  (corresponding  to  10  gms.  PjGj) 
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of  chemically  pure  monopotassium  phosphate  (which  can  be  ob- 
tained  commercially)  in  1  liter  of  water. 

The  concentration  ol  the  solution  is  confirmed  by  evaporating 
50  c.c.  to  dryness  in  a  large  platinum  crucible,  igniting  the  residue 
over  the  full  fláme  of  a  Bunsen  buraer  and  weighing  as  KP03;  also 
by  precipitating  another  portion  as  magnesium  ammonium  phos- 
phate and  weighing  as  magnesium  pyrophosphate. 
50  c.c.  of  the  solution  correspond  to  0.5  gm.  P205 

and  should  yield 0.8320  gm.  KPOs 

and 0.7842  gm.  Mg2P307. 

2.  Calcium  Phosphate  Solution. — 5.458  gms.  of  Ca^Og,  cor- 
responding  to  2.5  gms.  P205,  are  dissolved  in  a  little  nitric  acid, 
diluted  with  water  to  a  volume  of  1  liter,  and  the  concentration  of 
the  solution  tested  by  means  of  the  molybdate  method  of  Woy 
(p.348). 

3.  Uranyl  Acetate  Solution. — This  is  made  by  dissolving  about 
35  gms.  of  uranyl  acetate  in  a  liter  of  water. 

4.  Ammonium  Acetate  Solution. — 100  gms.  of  pure  ammonium 
acetate  and  100  c.c.  of  acetic  acid,  sp.  gr.  1.04,  are  diluted  with 
water  to  a  volume  of  1  liter. 

5.  Potassium  Ferrocyanide. — The  salt  is  ušed  in  the  powdered 
form. 

Proceduře. 

(a)  Standardization  of  the  Uranium  Solution. 

50  c.c.  of  the  potassium  phosphate.  or  calcium  phosphate, 
solution  are  treated  with  10  c.c.  of  the  ammonium  acetate  solution, 
and  to  it  the  uranyl  acetate  solution  is  run  in  from  a  burette  until 
a  drop  of  the  solution  will  show  a  brown  coloration  when  treated 
with  solid  potassium  ferrocyanide  upon  a  white  porcelain  tile.  The 
solution  is  thcn  heated  to  boiling,  when  a  drop  of  it  will  no  longer 
react  with  the  ferrocyanide.  To  the  hot  solution  more  of  the 
uranium  solution  is  added,  until  the  brown  color  is  obtained  once 
more. 

If  for  the  prccipitation  of  the  phosphoric  acid  contained  in 
50  c.c.  of  the  potassium  phosphate  solution  (0.5  gm.  P205),  T 
c.c.  of  the  uranium  solution  were  required,  its  concentration  is 

•    -  írm.  P205per  c.c. 
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For  the  analysa  of  alkali  phosphates,  the  solution  is  standard- 
ized  againsi  the  potassium  phosphate  solution,  while  for  the 
nnalysis  of  an  alkaline-earth  phoephfttc  the  solution  of  calciuni 
pfaoephftte  is  ušed. 

(b)  DťUrmntahnu  oj  Phospliortr  Ar  id  iti  Aikalt  Pko&pkalťs, 

The  solution  to  be  analyzed  should  be  <>f  alxmt  the  samé  eon- 
eentratiou  as  lhal  <>f  the  potasshun  phosphate  ušed  for  the  stand- 
ardizatíon,  and  titrated  as  above.  Fhoapfaate  BolutlDDa  of  different 
concentrations  give  different  results  by  the  titratioiL 

(c)  DHrtrmtiation  of  Phospkoru  Aeid  in  Cátchan  Phosphote. 

A  weighed  amount  of  calfium  phosphate  is  dissolved  in  dilute 
nitric  acid,  ammooia  is  added  to  i  lit-  solution  until  a  permanent 
preeipitate  is  pioduced,  whieh  is  redissolved  in  a  little  uertie  ar-id, 
10  c.c.  of  the  ammonium  acetate  solution  are  added,  and  the 
solution  is  titrated  with  the  standardized  solution  of  uranyl 
aeetale. 

Rcmark.—Ito  the  presence  of  iron  and  aluminium  this  method 
will  not  give  aeeurate  results  beeause  the  phosphates  of  tli 
metalfl  an  insnhible  in  aeetic  aeid.  In  sueh  eases,  the  turbid 
acetíc  aeid  solution  is  filtered  and  the  phosphorie  aeid  determined 
in  the  filtráte  by  the  above  titration,  The  preeipitate  cunsisting 
of  iron  and  aluminium  phosphales  is  igniled,  weighed,  and,  if 
ii  ammmts  to  lese  thau  0.01  gin,,  haif  its  weight  is  taken  as  F306; 
otherwiee  the  phosphorie  aeid  in  the  precipitate  must  be  deter- 
niincd  by  the  molybdate  method. 


PART  III. 
GAS  ANALYSIS. 


The  chemical  analysis  of  gas  mixtures  is  accomplished  usually 
by  measuring  and  rarely  by  weighing  the  individual  constituents, 
so  that  it  is  customary  to  express  the  results  in  per  cent.  by  volume. 
But  inasmuch  as  the  volume  of  a  gas  is  influenced  to  an  extraor- 
dinary  extent  by  the  temperature  and  pressure,  it  is  necessary 
to  reduce  each  measurement  to  standard  conditions  of  tempera- 
ture and  pressure,  and  further  to  také  care  that  these  remain 
constant  during  the  whole  of  the  analysis.  A  volume  of  gas  V 
measured  over  water  at  t°  C.  and  B  mm.  barometric  pressure, 
is  reduced  to  the  volume  which  it  would  assume  at  0°  C.  and 
760  mm.  pressure  in  a  dry  condition  by  means  of  the  formula 

..  _  V(B-w) 


760(1  +at)' 

In  this  formula,  V0  represents  the  reduced  volume,*  V  the 
volume  of  the  gas  at  t°  C.  and  B  mm.  pressure,  w  the  tension 
of  aqueous  vapor,  and  a  the  expansion  coefficient  of  the  gas 
(  =  0.003665). 

As,  however,  oc=y=o>  the  above  formula  may  be  written  as 
folio  ws : 

^V(B-w)273 
0     760(273  +  0" 


*  Oř  volume  under  standard  conditions. 
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Im  tcad  of  reducmg  the  observed  volume  to  the  standaid 
conditions  by  computation,  it  can  be  effected  inechanically  by 
compression  (see  p.  306). 


The  Collection  and  Confinement  of  Gas  Samples. 

Since  all  gases  diffuse  rapid  ly  tuto  0H8  another  even  when 
separated  by  poroús  solid  bodies  oř ■  liquids,  it  is  evidcnt  that  ti.'..1 
collection  of  the  saraple  and  it*;  prcscrvation  offers  certain  diffi- 
culties.  If  a  gas  is  confined  in  a  bell  jar  over  water  and  thus  k\ 
out  of  contact  with  the  airř  it  will  be  found  that  different  results 
will  be  obtained  in  the  analysis  of  the  gas  from  dav  to  day.  The 
air  gradually  penetrates  througli  the  water  into  the  bell  jar  and 
in  the  samé  way  the  gas  within  the  jar  gradually  diffuses  into 
the  atmosphere,  This  process  will  continue  nntil  finálí  y  the 
mmpositkm  of  the  gas  both  within  and  without  the  jar  is  the 
samé.  The  rapidity  of  the  diffusion  depends  upon  the  extciit 
to  which  the  gases  are  absorbed  by  the  liquid  which  separates 
them.  Those  liquids  which  absorb  i\w  gftStt  readily,  allow  them 
to  pass  through  it  rapidly,  and  cnnsequently  can  not  be  ušed  for 
keeping  the  gases  apart.  Of  all  liquids,  mercury  is  best  sutted 
for  the  purpose,  because  it  absorbs  only  minimum  amounts  of 
the  different  gases. 

Gases  which  combine  chemically  with  mercury.,  such  as  clilo 
rine,  brominc  vapors,  hydmgen  sulphide,  etc,  cannot,  of  cnurse, 
be  colleeted  over  mercury;  it  is  best  ff)  colleet  them  in  drv  glass 
t ubes  and  to  sral  the  latter  by  fusing  together  the  open  ends  in 
ease  the  gas  cannot  be  anály zeil  immediately.  Through  glass 
thcro  is  n<»  diffusiontso  that  gases  maybe  kept  unchanged  in  sealed 
tubes  for  ycars. 

If  the  gas  is  to  be  anály  zed  within  a  few  days  after  the  time 
of  collection,  it  can  be  kept  in  pipette-shaped  tubcs.  The  ends 
are  dosed  by  thick  pieces  of  rubber  tubing  into  each  of  which  is 
inserted  a  piece  of  glass  stirring-rod  with  rounded  ends;  where  the 
rubber  tubing  comes  in  contact  with  the  glass  it  should  be  fastened 
tightly  with  wires.  It  is  not  perniissible  to  keep  gBBGB  in  such 
tubes  for  a  considerable  length  of  time.  for  rubber,  particularly 
when  it  has  become  hard,  permita  the  diffusíon  of  gases  to  aome 
extent. 
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For  less  accuratc  analyses,  thc  gases  may  be  collected  over 
water  which  has  been  previously  saturated  with  the  gas  to  be 
analyzed,  and  the  analysis  must  be  made  immediately  afterwards. 

From  what  has  been  said,  it  is  evident  that  care  must  be  taken 
in  collecting  and  keeping  the  gas  to  be  analyzed.  We  will  now 
consider  briefly  a  few  practical  examples. 

(a)  Collection  of  Gases  in  Accessible  Places. 

1.  The  neck  of  a  200-c.c.  flask  is  drawn  out  somewhat  and 
a  glass  tube  is  inserted  and  about  800  c.c.  of  the  gas  to  be 
analyzed  are  drawn  through  the  flask  by  means  of  suction 
(Fig.  76).  The  neck  of  the  flask  is  closed  by  means  of  a  rubber 
cap  and  the  glass  is  fused  together. 

(b)  Collection  of  Gases  from  Inaccessible  Places. 

The  rubber  tubing  G,  Fig.  77,  is  connected  on  one  side  with 
the  aspirator  A  of  about  30  liters  capacity  and  on  the  other  with 


Fig.  76. 


Fig.  77. 


the  smírce  of  the  gas,  and  water  is  allowed  to  flow  quickly  from 
ihe  former.     After  5  or  6  liters  háve  nin  out,  the  air  is  usually 
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completely  expelled  bóra  the  rubber  tubing  and  replared  by  the 
gas  t"  Ix1  :uialyied,  BO  thal  it  is  now  ready  for  collceting  thesample. 
For  this  purpow  the  stop-cock  //  is  iurned  90°  to  the  right,  so  that 
Ibd  WbbcI  tf,  vvlttéh  B  to  receive  the  gas,  is  in  commimieution 
with  the  .niter  air,  and  thr  air  is  rxpelled  from  it  by  raisiii^  fchfi 
mereury  reservoir  A\  The  stop-cock  is  then  turned  haek  to 
the  poátion  shown  íii  the  figuře  and  R  is  filled  with  the  gas  by 
lowermg  2V.  As  the  tubing  between  the  T  tube  and  the  stop- 
eot-k  eontatned  impure  gas,  i?  is  Bgab  filled  with  mereury  and 
the  gus  expelled  into  the  air.  After  the  process  has  been  repeated 
throe  tinies,  the  receiver  is  filled  for  the  last  Ume  with  the  gast 
//  is  closed,  N  is  lowered  so  that  the  pressure  in  the  tube  i>  ten 
than  that  of  the  atmosphere,  and  the  eodfl  of  R  are  fnsed  togethet 
first  al  a  1  h < •  i l  jit  &,  Uuring  this  sealing  of  the  tube,  it  shoulci 
be  rernnved  from  the  ring-stand  so  that  the  tube  ean  be  revolved 
a  lit  tle  while  being  beated  in  the  fláme. 

The  ends  of  the  tube  are  drawn  out  a  little  at  R%  as  shown  in 
1  «  77. 

If  it  is  neressary  to  obtain  the  gas  from  plaees  at  a  very  high 
tcmperature,  e.g.,from  bhfitrftirnftces,  pnulucers,  . . 

( ■!«',,  ^&B8  tubes   woiild   melt,  and    if  ordmary  V° 


iron    tubes    were    DOt    melted  they  would   de-  h__j/fr 
compose  the    gas.      In  this  čase  it  is  best  toa  = 
use  the  water-jaeketed   iron   tube   devised    by 
laire  Deville  and  shown  in  Fig.  7S.     (  old 
water  is  run   into    the    o  uter    condenser  at  a 
aud  allowed  to  run  out  at  f>r  and  ti  eol- 

leeied  as  deseribed  above  through  the  tube  G. 
li  i>  iniportant  that  the  water  shoulil  run 
through  the  tube  fast  enough  to  keep  the  inner 
tube  oold,  otherwísr   tbe  gas  will  be  deeom- 

iedi  By  this  means  there  ís  no  dilheuky  in  colíeeting  gas 
samples  froni  difTerent  heights  of  the  glowing  layers  of  coal  in 
blast-furnaccs  or  produeers. 

CoHection  of  Gases  ArLring  from  Minerál  Springs. 

The  receiver  R  is  conneeted  with  the  funnel  T  by  nieans  of  the 
rubber  tubing  q  (Fig.  79).     All  these  parts  of  the  apparatus  are 


Fig.  78, 
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filled  with  spring-water  and  the  gas  is  allowed  to  ascend  up  through 

the  funnel  as  shown  in  the  illustration. 
In  order  that  the  gas  may  pass  from 
the  funnel  into  the  receiver,  R  is  raised 
so  that  only  the  tubing  p  remains  in 
the  water  while  the  funnel  is  lowered 
as  deep  as  possible,  causing  pressure 
enough  to  drive  the  gas  over.  Tho 
tubing  is  then  closed  just  above  a  by 
means  of  a  screw-cock,  a  beaker  filled 
with  spring-water  is  placed  under  p, 
the  apparatus  removed  from  the  spring, 
and  both  ends  of  R  are  fused  together 
with  the  blowpipe.  If  the  gas  is  to 
be  analyzed  within  two  oř  three  days, 
the  receiver  may  be  closed  by  pieces  of  short  rubber  tubing  each 
containing  a  short  piece  of  glass  rod  with  rounded  ends.  All  oí 
such  connections  must  be  fastened  by  means  of  wires  where  the 
glass  comcs  in  contact  with  the  rubber.  According  to  the  above 
method  the  gas  arising  from  the  thermal  springs  of  Baden,  Switzer- 
land,  was  collected  and  analyzed.  *  The  results  obtained  showed 
that  it  makes  but  little  difference  which  method  is  ušed  for  closing 
the  receiver,  provided  the  analysis  is  made  within  a  short  tíme. 
100  c.c.  of  the  gas  contained: 


Fio.  79. 


i  n 

Nitrogen 69. 13  69. 15 

Carbon  dioxide 30.81  30.90 

Hydrogen  sulphide 0 .  05  0 .  05 

Oxygen 0.00  0.00 

99.99  100.10 


Sample  I  was  collected  and  the  ends  of  the  receiver  fused  to- 
gether, while  with  sample  II  the  ends  were  closed  by  means  of  rub- 
ber tubing  and  glass  rods,  and  analyzed  five  days  láteř. 


* "  Chemische  Untersuchung  der  Schwefeltherme  von  Baden   (Kantem 
AargauV  by  F.  P.  Treadwell,    1896. 
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Collectian  oj  Gasts  Ahsorbrd  m  Ůpritig-water. 

Of  the  many  different  niethods  which  háve  been  proposed  for 
the  analysos  of  the  ubsorbed  ^ases  in  spring-water,  the  author  has 
fouml  the  folio  wing  to  give  the  best  results. 

The  flask  At  FSg.  80,  ta  řilled  with  spring-water  up  to  íto  upper 
edge  and  the  mbber  stopper  contaiiiing  the  tube  Lt  which  is  fused 
together  at  the  bottom  but  bas  an  opening  on  the  side  at  i,  ís  hnme- 


diately  placed  in  the  neck  and  presaod  down  to  the  mark.  The 
tube  L  is  raised  so  that  the  opening  /  is  wíthin  the  stopper,  thus 
making  an  air-tight  oonnection.  The  bulb  K  is  nnw  conneoted 
with  L,  filled  half  full  with  distilled  water  and  coniiected  with  the 
capillary  tubing  C,  although  tliu  latter  ia  not  yet  ocffl&ficted  with 
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the  measuring-tube  B,  as  shown  in  the  illustration.  The  levelling- 
tube  N  is  next  raised  until  mercury  begins  to  flow  out  of  the 
right-angled  capillary  tube,  when  the  stop-cock  H  is  closed.  After 
this  the  water  in  the  bulb  K  (which  is  held  in  an  inclined  position) 
is  boiled  for  three  minutes,  meanwhile  warming  the  capillary  tub~ 
ing  connected  with  the  measuring-tube  Unless  this  last  precau- 
tion  is  taken,  the  capillary  tubing  is  likely  to  break,  particularly 
in  winter.  After  the  water  in  K  has  boiled  vigorously  for  three 
minutes,  the  fláme  is  removed,  C  is  quickly  connected  with  the 
measuring-tube  B  and  the  rubber  connection  is  securely  fastened 
with  wire.  By  boiling  the  water  in  K,  a  complete  vacuum  is 
produced  in  the  bulb,  so  that  the  gas  can  be  at  once  collected 
from  the  spring-water.  For  this  purpose  the  tube  L  is  pressed 
down  through  the  rubber  stopper  until  the  opening  l  comes 
just  below  its  lower  edge,  the  levelling-tube  N  is  lowered,  and 
the  stop-cock  H  is  opened.  At  once  there  is  a  lively  evolution 
of  gas  from  the  water  in  A  and  this  is  subsequently  maintained  by 
warming  the  water.  As  soon  as  the  eudiometer  is  full  the  stop- 
cock  is  closed  and  the  volume  of  the  gas  read  after  bringing  the  mer- 
cury to  the  samé  level  in  N  that  it  is  in  B.  At  the  samé  time  the 
temperature  of  the  water  in  the  condenser  M  is  taken  by  the  ther- 
mometer  T  and  the  barometer  is  read.  The  gas  is  then  driven  over 
into  the  Orsat  tube  0  containing  potassium  hydroxide  solution  (1:2) 
and  allowed  to  remain  there  for  the  time  being.  Meanwhile  the  boil- 
ing of  the  water  in  A,  measurement  of  the  gas  in  B,  etc,  are  con- 
tinued  until  finally  no  more  gas  is  evolved  from  the  spring-water. 
AU  of  the  gas  is  driven  over  into  the  Orsat  tube  after  its  volume 
has  been  noted  and  by  means  of  the  caustic  potash,  the  carbonic 
acid  is  quantitatively  absorbed.  The  unabsorbed  gas  is  again 
driven  over  into  B  and  its  volume  read.  By  correctly  regulat- 
ing  the  velocity  of  the  current  of  water  flowing  through  the  con- 
denser, it  is  easily  possible  to  maintain  a  constant  temperature 
throughout  the  whole  of  the  experiment.  The  residual  gas  remain- 
ing  after  the  absorption  of  the  carbon  dioxide  consists  usually 
of  nitrogen,  oxygen,  and  in  sonie  cases  methane.  It  is  trans- 
ferred  to  the  apparatus  of  Hempel,  and  analyzed  according  to 
methods  which  will  be  deseribed  further  on. 

According    to    this   method,    the   determination   of   nitrogen, 


COILECTION  AND  CONFINEMENT  OF  GA2>  SAMFLES.        5Ó1 

oxygen,  and  methane  givee  exaet  rosults,  but  the  apparent  amount 
of  earbon  dioxide  is  sometlmes  tOO  much  and  sometimes  too  l.ttle. 
If  the  water  contains  large  amoiints  of  bicarhonate  in  solution, 
the  G&fboDUI  arid  foimd  will  reprcsent  more  t.han  was  nrigimdly 
present  in  the  free  statě,  for  such  substanees  are  partly  decnin- 
poeed  by  boiling  \\wu  aqueoufi  solution.  On  the  other  hand  if 
ordy  a  little  bicarhonate  is  present,  the  ivsuli  will  be  too  low,  fol 
it  is  not  possible  to  remove  all  of  the  free  earbonic  acid  from  g 
solution  by  boiling  it  in  a  vacmim. 

CoBSequentiy,  in  all  eases  the  free  earbonic  acid  nnist  be  deter- 
mtned  by  computation.  For  this  purpose,  in  a  fresh  sample  «4 
the  water,  the  tutal  earhniiie  acid  is  dctermined  BLOOOldizig  ta  p,  309, 
and  then  if  the  compositiuu  of  the  solid  OOQ&tituefttfl  pnscnt  is 
knmvn,  the  volume  of  the  free  earbonic  acid  can  be  ealculated. 

Examplt.  -tnut)  gms.  of  Tarasper- Lucius  water  eontain 
7-8767  gms.  of  total  earbonic  acid.  Of  this  amount.  a  part  of  it 
is  present  in  the  water  as  carbunate  ("  cumbined"  earbonic  acid)t 
an  equal  amount  as  "halteombincd''  earbonic  acid,  and  the  re- 
mainder  is  free  earbonic  acid,  If  from  the  tutal  amount  of 
earbonic  acid  the  "eombined"  and  "haif-comfomed'"  acid  is 
deducted  (oř  what  j  the  samé  thing,  double  the  amount  of  the 
"combined"  earbonic  acid),  the  differcnec  represents  the  amount 
of  free  earbonic  acid  present. 

Calculation  of  the  "Combined"  Carbonic  Acid, 

This  is  obtained  by  multiplying  the  dírTerence  between  the 
mimber  of  cathions  and  anions  (expressed  in  monovalent  ions)  by 
the  molecular  weight  of  carlxmic-acid  (COj,)  ions  and  dividing 
t\vop*  becaose  the  sum  of  the  cnlhions  in  viTy  salt  aolution  is 
equal  to  that  of  the  anions  present  uhen  both  are  expressed  la 
monovalent  ions. 

The  u  monovalent  ions"  are  obtained  by  dividing  the  amount 
in  grams  of  each  element  (or  radical)  pivsent  by  its  atomic  (or 
molecular)  weight  and  multiplying  by  the  valence, 

#  For  the  COjion  isbivalent. 


562 


GAS  ANÁLY  SIS. 


(o)  CcUculation  of  the  Cathions. 


1000  gms.  Lucius  water  contain: 


Gramfl. 

Sodium 3.90610 

Potassium 0. 16603 

Lithium 0.00914 

Ammonium 0.01298 

Calcium 0.62691 

Strontium 0.00879 

Magnesium 0. 19040 

Iron  0.00603 

Manganese 0.00021 

Aluminium 0.00064 


Combining 
Weight. 

:  23.05=0 

:  39.15=0 

:  7.03=0 

:  18.08=0 

:  40.00=0 

:  87.60=0 

:  24.36=0 

:  56.00=0 

:  55.00=0 

:  27.10=0 


Valence. 
.169460  Xl  = 
.004241  Xl  = 
001300  Xl  = 
000718  Xl  = 
015673  X2= 
000100  X2= 
007816  X2= 
000107  X2= 
000004  X2= 
0000237X3= 


Monovalent 
Ions. 

0.169460 

0.004241 

0.001300 

0.000718 

0.031346 

0.000201 

0.015632 

0.000215 

0.000008 

0.000071 


Sum  of  the  cathions  -0.223192 


(b)  Calctdation  of  the  Anions. 

Chlorine  (Cl) 2.40000  :  35.45=0.067700  Xl-0. 067700 

Bromine  (Br) 0.02890  :  79.96=0.000362  Xl  =  0. 000362 

Iodine(I) 0.00086:126.85=0.000007  Xl  =  0. 000007 

Sulphurieacid(S04)...  1.72098:96.06=0.017916  X2=0. 035832 

Boric  acid  (B02) 0.57600:43.00=0.013390  Xl  =  0. 013390 

Phosphoric  acid  (P04) .  0.00008:95.00=0.000001   X3=0. 000003 

Silicic  acid  (SiOJ 0.01421  :  76.40=0.000186  X2=0. 000372 

Sum  of  the  anions       =  0 . 1 17666 


Sum  of  the  cathions 
Sum  of  the  anions 


-0.223192 
*0. 117666 


CO,  anions  remaining  =0.105526 

expresscd  in  monovalent  ions. 

As  COs  is  a  bivalent  ion,  half  of  this  amount  represente  the  actual  amount 
of  CO,,  ions  present: 


0.105526 


=  0.052763. 


This  corresponds  to 0.052763X60=3. 16578  gms.  CO, 

Or  the  "combincd"  carbonicacid =2.32157     "     CO, 
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ulal i  on  oj  the  Free  Carhonic  Acid. 

Total  amourit  of  rarboniť  :a  i<l  lO  y  prenent 7. 8767  gms.  per  Uter 

Amount  oí  "combmed  "  uirbonie  acid    2.3216     "       **    ** 

Arnount  of  free  4-  *'  tialf-cotnbined  "  rarbonic  acid  5.5551      m       '*     M 
Amount  of  " lialf-i-umbiiied "  carbonic  aeid 2,3216     "       "     *' 

Aniount  of  free  eaibonio  iflid 3/2335     

TI iis   weigbt  of    carbon    dioxide    occupies   1645.4  c,c.    under  standard 
comiitions. 

By  builing  828.3  gms,  of  the  water,  1868.9  O.C.  of  C03  wore 
obtained  at  8.4°  C.  and  651  mm,  pressure,  containing  only  traces 
of  nitrogen,  This  corresponds  to  Í8S2JS  o*c.  at  0°  C.  and  760  mm. 
pressure,  per  liter,  which  is  more  than  the  calculated  amount , 
because  the  carbonic  acid  gas  consisted  partly  of  free  and  partly 
of  u  half-coiiibinrd"  carbonic  acid. 

I n  frftftOfl  whrrc  the  amount  of  bicarbonate  present  is  verv 
smáli,  the  total  amount  of  carlmnic  acid  obtained  by  boiling  the 
mte?  is  always  too  small,  Thus  in  the  čase  of  the  thermal  water 
of  Baden.  by  boiling  there  was  obtained: 

Nitrogen  . 14, 43  c.c.  per  liter 

Carbon  dioxide 1 12. 12   u      "      M 


120  ^ 


while  from  the  anal ysis,  the  free  carbonic  acid  was  computed  to 
be  180.52  c.c.  The  absorbed  gas  in  the  thennal  water  of  Baden 
is,  therefore, 

Nitrogen  . . . 14 ,  43  C-C.  per  liter 

Carbon  dioxide 180.52   li      ťí      u 


194.95   * 


Remark. — With  the  above  met  hod  of  colleeting  the  gas,  it  is 
difhcult  to  prevent  some  water  getting  into  the  measuring-tube  B, 
hv  n  B&tlfl  of  which  a  small  amount  of  the  g&fl  will  be  reahsorhcd. 
This  difficulty  is  avoided,  however,  if  the  flask  shown  in  Fig.  SI  is 
ušed  to  cuntain  the  water 
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This  flask  is  pmvidod  with  a  short  tube  blown  into  its  neck 
near  the  top   and   connected   by   means  of   thick-walled   rubber 

tubing  wAh  fche  mereory  reservoir 
R.  In  ordcr  to  determine  thc  eon- 
tents  of  thc  flask,  a  scratch  is  matle 
on  thc  sinali  tube  gbotlt  4  eHL 
front  the  neck  of  the  flask,  the 
roercury  is  driven  over  just  ta 
this  mark,  and  the  nibber  tubing 
tightlv  dosed  by  means  of  n 
t « M-k .  The  reservoir  is  then  empi  i 
of  nierctiry,  and  the  flask  is  weighed 
togetbef  with  the  Btopper 
tube  L>  nibber  tubing,  and  what 
niercury  reniains  above  Q  The 
flask  is  then  filied  with  water,  the 
stopper  promwd  down  to  the  mark 
in  the  oeck  of  the  ítask,  and  the  tube 
L  Íě  raisad  until  the  lower  opeuing 
/  G0HL8B  within  the  stopper,  After  drying  tlu*  tuhé  L  with  bloUini:- 
paper,  thi-  Baab  and  its  emiicnt>  are  weighed,  lts  capaeity  is 
then  etched  upoo  it 

1  nr  tbe  d<  teirnínation  of  the  gases  absorbed  in  a  liquid,  the 
flask  A  i>  fitted  with  it  m  the  B&me  way  ta  io  the  determinatioii 
of  its  capaeity,  the  buib-tube  A',  half  filied  with  distilled  water 
Ls  eoimcHed  with  L,  and  the  latter  is  connected  with  a  capili 
tube  as  shnwn  in  lig  SO.  The  air  is  removed  front  K  and  the 
cnpillary  tubing  by  bntling  the  water  in  the  fornier,  as  deseribed 
on  p.  560,  and  the  r:ipillary  tfl  then  connected  with  the  measuring- 
tul>e  Bt  Fig.  80.  Tlie  heavy  rubber  tubing  is  now  connected  with 
the  reservoir  as  showu  in  Fig.  81,  and  fhc  latter  is  plaoed  in  a 
beaker  of  hot  water.  Thc  tube  L  is  íntxoduced  into  thc  neck 
of  the  flask  nntil  the  opening  l  can  just  be  seen,  and  the  ga 
expeUed  in  the  samé  way  as  deseribed  on  p.  500,  except  that  in 
this  čase  ihr  liqnid  k  00t  allowed  to  rise  so  high  in  K.  After 
threc-quurters  of  an  hovir  the  gas  will  be  completely  expelled 
from  the  liquid.  'Hic  tasf  portiona  of  the  gas  are  driven  over  into 
B  by  lowering  the  levelling-tube  N  (Fig.  80),  raising  the  men 
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reservo  ir  R  (Fig.  81\.  and  earefnlly  upening  the  srrew-enrk  Q. 
A  tvarní  stream  <>í  inoreury  uil!  then  flow  intO  the  flask,  cxpelling 
the  gas  into  úw  measuring-tube.  As  soon  a.s  the  Uquid  in  A  baa 
been  driven  over  as  far  as  the  stopHX>ck  //,  this  is  immediately 
ofoaed,  uthenvise  the  piocedure  ta  tli*1  sazné  u  waa  deecribed 
on  p.  560. 

In  onler  t«*  test  the  accuraey  i »f  t his  niethod,  the  authof  DQftdfl 
a  few  íleteriiiiiiatinNs  of  the  oxygen  absorbed  in  the  lukr-watrr  at 
Zurich,  and  the  results  were  compared  with  thoae  obtained  b) 
E,  Harta  in  this  laboratory  by  means  of  the  method  <>í  L.  Winlder 
(see  p.  574). 

nXVííKN     EU     1     LITKK    Oř    ZURICH     LAKE-WATER. 


i*m|  PeltcrMon  Met  hru  L 

Mrthod  of  L.  Winkkr. 

I                                11 

JM  au?,          7  74  ,  , 

I                               II 

7   ÍV7                      7-75  r.r. 

The  Transference  of  Gases  in  Sealed  Tubes  to  the  Apparatus 
Ušed  for  the  Analysis. 

We  will  assume  the  pas  Ui  be  eontained  in  R,  1  i ir    S2.     Over 
ouc  of  the  slmrt  hjl>es  Hmiurti-d  with  the  three-way  stop-eoek  //  is 
plaeeda  piece  of  thiťk-walled  nibbcrtubiug  whieh  COntainsa  &b 
piece  of  heavv  glaes  tuhing  r.     The  Btop^OOcll  la  then  revolved  so 
that  the  rubber  tubing  ta  above  it  and  the  latter  is  fiQed  with  raer- 

rurw  //  is  then  tumod  180°  tnward  the  left  80  that  thfi  Irft  and 
upper  tubea  communicata  with  one  another.  As  soon  as  the 
rnemiry  begins  to  nin  mít.  the  stop-roek  is  rlnsM.  'hic  end  of  R 
is  then  introdwed  into  the  mbher  fcubing  OOntaining  the  inereurv 
so  far  that  its  drawn-out  point  noaohea  within  rf  and  the  nibbea 
tubing  is  seeiiivlv  EasteOfed  by  wiring,*  In  a  similar  wav.  the  other 
end  of  R  ía  oonneoted  with  the  mbber  tubing  filled  with  ihcp 

of  the  leveHing-tube  A    ai  thifl  \\\v  itOfHKKlll  U  i-  mimi- 

with  the  meawiring  apparatus  H*  by  means  of  the  eapillary  tabing 

*  Annealed  iron  wín'  is  »s**<l.     *  'npptr  oř  brass  wire  would  be  likely  to 
beconie  uuudgumatcd  with  merrury. 
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E.      By  raising  the  leveiling  bulb  Kf  the  air  is  expelled  from  W 
and  the  capillary  E,  aud  the  niereury  is  allowed  to  rise  ín  the  fun- 


Fia.  82. 


nel  T.  The  stop-cocfc  //  ífl  tu  med  so  that  communication  is  estab- 
Eshed  betweeD  AJ  and  \V.  and  the  omls  of  the  fonner  arn  opened 
by  pressing  the  eapillaries  aiíainst  f  and  rř.  Then,  by  raising  N 
and  lowering  A',  the  r  fedify  dři  ven  over  into  W\ 


Subdívisions  of  Oas  Analysis. 

Aecnrding  to  the  manner  of  detennining  the  amount  of 
we  distinguish  hetween: 

1.  Absorpíion  Mrthods, 

2.  Combuttion  Hfrthods. 

3.  Volum*  trn  Methodx. 
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Tn  the  čase  of  an  ahsorptwn  miihad  the  mixture  of  gases  is\ 
treated  with  a  senes  of  absnrbeots.  The  differencc  in  the  vuluines 
of  the  gas  beforeand  after  it  has  been  arted  upon  by  each  ahsorbeat 
represents  the  amount  of  gas  ahsorbed.  The  absorption  of  the 
gas  may  také  plare  m  the  measu  ring-  tube  itself,  or,  what  is  betirr. 
!>arate  absorption  TmncilfT 

In  this  way,  the  amount  of  carbon  dioxide,  heavy  hydrornr- 
bons  (ethylene,  benzol,  acetylene,  etc.),  oxygen,  and  carbon  nion- 
oxide  may  be  detennined  In  illuminatiiig-gas,  producer  gas,  water- 
gas,  or  Dowson  gas. 

After  the  oonstituenta  eapable  of  abeorptioG  b*v«  been  re- 
nioved,  a  gas  residue  is  left  consifiting  of  hydrogen,  methane, 
and  nitrogen;  the  two  former  constituents  are  detennined  hy 
conibustion,  while  the  latter  is  always  detennined  by  siibtraeting 
the  total  amount  of  othrr  gaaefl  found  fn»m  10)  pop  cent. 

I  oř  a  tomimstion  unahtsis  the  unabsorbed  constiturnts  of  the* 
gas  mix  ture  are  roíxed  with  airt  or  oxygen,  in  more  than  sulnrient 
amount  to  ensure  emoplete  eombustion,  and  bornt  in  a  snitable 
apparatus;  the  amount  of  ooxnbustibk  gas  is  detennined  by 
measuring  the  contraction,  the  aiiumnt  of  carbon  dioxide  fornied, 
and  the  excess  of  oxygen. 

Kinally,  if  the  gas  ©Volved  by  means  of  a  ehemical  reaction  is- 
measvired  and  from  the  volume  of  the  latter  the  weíght  of  the  body 
producing  it  is  calculated,  \ve  háve  matle  use  of  what  is  callecl 
a  ga&-i?QÍitm':trťc  met  hod.  (Cf,  Determination  of  Carbonic  and 
Nitric  Acids,  pp.  301  and  360.) 

DETERMINATION    OF  THE    GASES. 
Carbon  Dioxide,  CO,.     Mol.  Wt.  44. 

44  gms.  (_■<  K  oceupy  a  volume  of  22.391  líters  under  standard 

conditions.* 

Carbon  dioxide  is  absorbed  to  a  eonsiderable  extent  by  water; 
1  voL  water  absorbs: 

At  0°  C . 1.7967  c.c.  00, 

'*  W  G 1.0003    "      " 

"  20°  C 0.8843    "      a 

*Cf.    poge   554. 
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oř  in  generál, 

<*  =  1 .7967 -0.07761  X/  +  0,0016424Xf3? 

wherea  ta  the  abeorbed  volume  and  t  the  temper&tare  of  thc  water. 

^.ba^rberU.    Potomtu*  Hydroxide  Solidům  1:2. 

1  c.c\  of  tiuistir  putash  of  the  above  streogth  \vill  absorb  at 
least  ln  c.c,  of  00^.    Sodhins  hydroxide  Bolution  is  not  usni  on 

armunt  oť  the  dlfficult  solubilitv  0Í  BOdlUBO  bicarhonate. 

11  amounte  <■!  OQj  may  be  abeorbed  by  means  *#f  a  definite 

amount  of  sturulurdized  Ba(OH)2  soluťum,  and  the  excess  of  the 

N 
Ifttter  titaated   mm  —  -  HťJf  using  phenolphthaleln  as  indicator. 

p,  475J 

The  Heavy  Hydrocarbons. 

Ethylene   (Ethene),  (\H#J  Henzol,  C6H5;  Acetvlene  (Ethine), 

Ethylene,  C2H(.     Mol  Wt.  28,04, 

28,04  gms.  of  ethylene  OCCUpy  a  volume  of  22.391  liters  under 
standard  conditions, 

WTftíon  Coeffieicnt  for  Water. 
1  volume  of  water  absorbs  at 

0°  C 0.256  c,c.  CAl4 

15°  C 0.161    " 

20   C , &14B    «      « 

or  in  generál, 

a  =  0.25629  -  0  0091 3631 H-  0.0001 881 0Si\ 

Alcohal  absorbs  more  ethylene ;  the  generál  f ormula  is 

a  -  3.594984-0.077162  ■  í  -f  0.0006812  t\ 

Absorbcnts.—h  Fbming  sulphuric  acid  *  (with  20  to  25  per 
.  SOg)i  1  c,cM  absorbs  8  c.c.  of  C2H4.    2.  Bromioe  water.f 

*  Et  1 1  i oi  i  •  1 1  dS,0T  f  fa  f ormed. 

t  Trvadwell  and  iStokc*,  Beriťhte,  21  (1888),  p.  313U 
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Ammoniacal  cuprous  chloride  solution  will  also  absorb  ethy- 
lene. 

By  mpuns  of  bnmtfne,  the  ethylene  ís  abeorbed  with  the  Eor- 
niation  of  ethylene  bromid-,  t\lI,Br2.  If  the  absofption  is 
efTected  with  a  titrated  bromine  water,  the  aniount  absorbcd 
C*D  ho.  determined  by  titrating  the  aXGeflB  of  uroniin  ,  This 
exrellent  met  hod,  proposed  by  Haber*  is  at  present  the  bati 
krm  wn    for    the   deterniination   of    ethylene   in    the    presence    of 

beoeol    (See  p.  572.) 

Benzol  (Benzene),  CeHr     Mol  Wt.  78.06. 

78,06  gms.  of  benzol  vapor  oceupy  a  volume  of  22,391  liters 
under  standard  čoudit  ions. 

Benzol  is  readily  soluble  in  alcohol,  ether,  carbon  bisulphide, 
caoutchouc,  ethylene  bromide,  bromine,  and  fuming  suJphnric 
acid. 

A&sorfrfrcte.— Fuming  sulplmrir  acid  1  and  bromine  W&tfiff  0OD- 
taming  an  excess  of  brnminc. 

Inasmuch  as  benzol  is  neither  broinkiated  nor  oxidized  by 
bromine  at  osdinary  tempera  tures,  it  was  difficult  to  under- 
stand  why  bromine  water  should  absorb  it  quantitatively.  In 
fact.  Berthelut  J  and  GL  Winkler  §  disputed  it,  but  the  results 
of  Treadwell  and  Stokes  II  háve  rceently  been  confirmed  by 
Haber.  He  suggested  that  the  absorption  of  benzol  by  bromine 
W|0  of  a  ptirely  physical  nátuře,  and  M.  Korbiilylf  has 
shown  that  such  is  the  čase.  Just  as  bromine  ran  be  removed 
froni  aqueous  solution  by  shaking  with  benzol,  so  benzol  can  be 
removed  by  shaking  with  bromine,  oř  even  ethylene  bromide  and 
other  like  Bolveni 

By  jneans  of  highly  concentrated  nitric  acid  (specific  gravity 
1.52)  benzol  is  also  absorbcd;    this  solvcnt  eannot  be  ušed  in  the 


*  Haber  and  Oaéhelhiuaer,  Bcrichio,  8t,  p,  2700. 

f  IVu  zni  lUlptkOllfe  ;ií"id  is  fiirtued,  C|H^SOr 

%  Compt.  rend.,  KV,  p.  1255. 

J  Zeitsrhr  f  unul  Cliem*,  1889,  p.  281. 

||  Troufat)]  and  Btofcei,  be 

U  Inaqg.  Dituerttition,  Zurích,  1902* 
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analysis  of  gases  containing  carbon  monoxide,  for  the  latter  is 
quantitatively  oxidized  to  carbon  dioxide  by  nitric  acid  of  this 
strength,  and  is  therefore  removed  with  the  benzol*  when  the 
acid  vapors  are  neutralized  by  caustic  potash  solution. 

Behavior  o/  Benzol  to  Water. 

Benzol  vapors  are  absorbed  to  a  considerable  extent  by  water 
and  all  aqueous  salt  solutions,  a  circums  tance  which  must  be 
considered  when  an  exact  gas  analysis  is  to  be  made. 

In  order  to  determine  how  much  benzol  is  absorbed  by  waterr 
M.  Korbuly  performed  the  folio wing  experiments: 

Different  amounts  of  air  containing  3.16  per  cent.  of  benzol 
vapor  were  shaken  in  a  Drehschmidťs  pipette  with  the  samé 
amount  of  water  (5  c.c.)  until  no  more  benzol  was  absorbed.  He 
obtained  the  folio  wing  results: 


Experiment. 

Oas  Taken  in  e.e. 

Per  Cent.  Bensol 
Prese  nt  by 
Volume. 

Amount  of  Bensol  Absorbed 

at  the  End  of  Three 

Minutes. 

1 
2 
3 
4 
5 
6 
7 

58.92 
61.14 
58.32 
59.86 
60.78 
59.88 
60.20 

3.16 
3.16 
3.16 
3.16 
3.16 
3.16 
3.16 

1.28c.c.  =  2.17% 
0.80  "  =1.31% 
0.52  "  =0.89% 
0.44  lť  =0.73% 
0.28  "  =0.46% 
0.08  ''  =0.01% 
0.02  "  =0.00% 

Potassium  hydroxide  behaves  similarly. 

In  the  analysis  of  a  mixture  of  carbon  dioxide  and  benzol, 
it  is  customary  to  first  remove  the  carbon  dioxide  by  means  of 
potassium  hydroxide  solution  and  then  the  benzol  with  fuming 
sulphuric  acid  or  bromine.  It  is  evident,  then,  that  both  of  the 
results  obtained  will  be  inaccurate  if  a  fresh  solution  of  potassium 
hydroxide  is  ušed  for  the  absorption  of  the  carbon  dioxide,  for 
this  will  absorb  not  only  the  whole  of  the  carbon  dioxide,  but  in 
many  cases  nearly  all  of  the  benzol.  Accurate  results  may  be 
obtained  by  using  a  solution  of  potassium  hydroxide  which  has 
been  saturated  with  benzol  vapors. 

*  Treadwell  and  Stokes,  loc.  cit. 
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Aeetylene,  í':Ur     Mul.  Wfc  26,02. 

26.02  gms,  aeetylene  occupy  a  volume  úl  22.391  liter*  under 
standard  condítii 

Aeetylene  is  quite  soluble  in  water;  1  volume  of  water  at  the 
ordinary  temperature  ahsnrbs  au  equal  volume  of  t his  gas.  In 
amyl  alcohol,  chloroform,  benzol,  glarial  acetic  acsdj  and  acetone 
it  is  much  more  soluble;  thus  1  volume  of  acetone  absorbs  31 
volumes  of  aeetylene.* 

Absorbents.— -Fuming  sulphuric  acíd  f  and  brom  i  ne  water. 

By  nieaus  of  ammoniaeal  cuprous  chloride  solution,  aeetylene 
is  absorbed  with  the  forma  lion  of  red  eopper  acetylide,  (Cu2C;H3)(  >. 
This  reaction  is  BC  characteristie  that  it  ifl  ušed  for  the  qualiiative 
detection  of  aeetylene  in  gas  mhctoiftiS, 

This  test  is  best  performed  by  the  method  of  L.  Ilosvay  von 
Nagy  Ilosva.t 

Preparation  ofthr  Rřatjrnt. — One  gram  of  eopper  nitráte  (chloride 
oř  sulphate)  is  placed  in  a  50-c.c.  measuring-flask  and  dissolved 
in  a  little  water.  To  the  solution  4  c.e.  of  concentrated  ammonia 
(20-21  per  cent.  NH3)  and  3  gms.  of  hydroxy lamině  hydroehloride 
are  added,  and  the  liqiríd  is  shaken  until  it  beeornes  colorless, 
when  it  is  immediatcly  diluted  with  water  up  to  the  mark. 

The  Test. — A  few  cubic  eentimeters  of  the  reagent  are  plaeed 
ina500-c.c.  ghiss-stoppered  cylinder,  and  tite  gas  to  be  tested  for 
aeetylene  (illuininating-gas)  is  passed  over  it  until  the  color  of 
the  reagent  becomes  pink.  The  eylinder  is  then  stoppered  and 
its  contents  thoroughly  nhaken,  If  aeetylene  is  present,  a  beautiful 
red  preeipitate  is  immediatcly  formed.  Another  method  of  making 
the  test  is  to  pass  the  gas  through  a  small  bulb-tube  containing 
glass-wool  nioistened  with  the  reagent. 

Remark, — lí  the  reagent  is  plaeed  under  petroleum  it  can  be 
kept  for  about  one  week,  but  if  eopper  wire  is  added  to  the  eolutfon, 
it  can  be  kept  for  a  much  longer  time,  as  L.  Pollak  hafl  >!i<>\vn. 
Such  a  solution  gave  a  dlstinct  reaction  after  it  had  been  kept 


*  Beatpd,  fbmmlyiMi*  Metiioden  (1900),  p.  200. 
f  Aoeijtecw  Milphtiric  acid  U  foroieil,  CJtljŠOr 
í  BeričhUř,  32  (1S9S),  p.  2698. 
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for  one  year,  but  the  precipitate  obtained,  instead  of  being  a  bright 
red,  was  more  the  color  of  sealing-wax.  The  solution  is  much 
less  permanent  when  it  is  prepared  from  the  chloride  oř  sulphate, 
even  when  copper  is  added  to  it.  Without  the  copper,  the  chloride 
would  give  no  reaction  after  being  a  week  old,  and  with  the  addition 
of  copper  it  was  spoiled  at  the  end  of  two  weeks.  The  sulphate 
behaved  about  the  samé. 

Separation  of  the  Heavy  Hydrocarbons  from  One  Another. 

It  has  been  attempted  repeatedly  to  separate  ethylene  from 
benzol,  but  usually  in  vain.  The  separation  as  proposed  by 
Berthelot,  of  absorbing  the  ethylene  with  bromine  water  and 
afterwards  removing  the  benzol  by  means  of  concentrated  nitric 
acid,  is  erroneous  in  every  respect.*  The  method  of  Harbeck 
and  Lungef  is  correct  in  principle  but  very  tedious,  and  the 
modification  of  PfeiíTer  %  always  gives  too  high  results.  Haber 
and  Oechelháuser,§  on  the  other  hand,  háve  devised  a  method 
which  is  accurate  and  to  be  recommended. 

Principle. — In  one  portion  of  the  gas,  the  sum  of  the  ethylene 
and  benzol  is  determined  by  absorption  with  bromine  water  or 
fuir.ing  sulphuric  acid,  while  in  a  second  portion  the  gases  are 
absorbed  in  titrated  bromine  water,  and  the  excess  of  the  latter 
is  determined  iodimetrically.  From  the  amount  of  bromine  re- 
quired  the  ethylene  is  calculated: 

N 
1  c.c.  —1  =  1.1196  c.c.  C2H4  at  0°  C.  and  760  mm.  pressure. 

As  this  analysis  is  performed  in  the  Bunte  burette,  it  will  not 
be  described  in  detail  until  we  háve  become  acquainted  with  this 
important  form  of  apparatus.     (See  p.  606.) 

Oxygen,  0  =  16.    Mol.  Wt.  32. 

32  gms.  oxygen  occupy  a  volume  of  22.391  liters  under  standard 
conditions. 

*  Trcadwell  and  Stokcs,  loc.  cit. 
t  Zeitschr.  fiir  nnorg.  Chcm.,  XVI  (1898),  p.  26. 

í  J.  f.  (líisbelťiiťhtuiig  and  Wasservereorgung,  1899,  p.  697,  and  Berichte, 
29,  p.  27C0. 

§  Jbid.,  1S96,  p.  804. 
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Qgygea  is  absorbed  by  water  ouly  to  a  slight  extentj  aoeord- 
íiig  to  the  experimente  of  L«  W.  Winkler*  Otto  lVttersson,  and 
Iv.  Sonden,f  1  liter  of  water  at  760  mm.  pressure  absorbs  frotn  the 
atmospbere: 

A.r.  o.  N.  2      i«>« 

Air 

At     0°      29.54  10 .01         19  53        33.88 

"     6°     24  62  8.28        16.84        33.60 

"     9.1$° 23,49  7.IW        18.58        88.60 

"    1370° 21,30  TU         14   10         33.51 

ťí    16,83° 6..M 

N   28.M0 5.99 

41    24.24° ....  >  91 

Fr«  h  1 1 1  his  data  the  absorption  coerTinen t  for  pure  oxygen  in  Wl  I  <t 
can  be  ealeulutcd  to  be  0,Uti4Hí2  at  13,7*  C.  Ukd  760  mni.  pressure. 

AbsorbenU, — Alkaline  pyrogallnl  solution,  phosphonis  and 
chnmums  chloride. 

The  alkaliue  pyrogallnl  solution  (Liebig)  is  prepared  by  mixing 
b  2S  per  oent,  aqueoua  solution  of  pyrogaDta  acid  with  five  oř  mx 
titnes  as  much  potassium  hydroxide  solution  (3:2).  1  c.c.  of  this 
solution  abflorba  12  <\<    oi  oxygen. 

At  a  tem  pera  ture  of  15°  (Xf  oř  higher,  the  absorption  takés 
pláce  quickly;  the  oxygen  in  100  c.c,  of  air  \vill  be  absorbed  in 
three  mi  nu  tes  or  less. 

At  lower  tempera  tu  res  the  absorption  takés  pláce  less  readily 
and  at  0°  C.  the  alíove  qQantity  of  oxygen  cannot  be  absorbed 
completely  in  half  an  hour. 

A  pyrogallo]  solution  of  the  above  concentration  will  not  evolve 
CaifaDD  monoxide  during  the  absorption. 

The  absorption  of  oxygen  by  means  of  phosphonis  (Linde- 
mann)  takés  pfcu-e  by  siniply  allowing  the  gas  OOntaining  the  oxygen 
to  remaiu  over  moist  phosphonis.  The  fnnnation  of  white  clouds 
indirutes  the  presence  i>f  oxygen,  and  their  disappea  rance  shows 
that  the  absorption  is  complete.  A  tempera  ture  of  15  to  20°  C. 
•st  suited  for  the  absorption. 

The  oxygen  is  completely  absorbed  at  the  end  of  three  min- 
utes  írom  100  c.c.  of  air  at  this  tempera  ture.    At  lower  temper- 

*  Benchte,  1888,  p,  284S> 
t  ItúL,  1880,  p.  1443. 
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atures  the  absorption  requires  more  time  and  at  0°  more  than  an 
hour  is  necessary. 

If  the  gas  contains  more  than  60  per  cent.  of  oxygen,  moist 
phosphorus  will  absorb  none  of  it  at  the  ordinary  atmospheric 
pressures.  In  this  čase  the  gas  must  be  diluted  with  nitrogen  or 
hydrogen  until  a  mixture  is  obtained  containing  less  than  60 
per  cent.  oxygen,  or  the  gas  must  be  allowed  to  act  upon  the  moist 
phosphorus  under  diminished  pressure.  In  the  latter  čase,  how- 
ever,  the  phosphorus  easily  becomes  heated  enough  to  melt  it. 

Further,  oxygen  is  not  absorbed  by  moist  phosphorus  if  the 
gas  contains  traces  of  heavy  hydrocarbons,  ethereal  oils,  alcohol, 
or  ammonia.  According  to  Hempel*  0.04  per  cent.  of  ethylene, 
and  according  to  Habert  0.17  per  cent.,  suffices  to  prevent  com- 
pletely  the  absorption  of  oxygen. 

Determination    of   Absorbed    Oxygen    in    Water.    Method    of 
L.  W.  Winkler.J 

Principle. — If  water  containing  dissolved  oxygen  be  heated  in 
a  closed  vessel  with  manganese  hydroxide,  the  latter  is  oxidized 
to  manganous  acid  according  to  the  following  equation: 

Mn(OH)2+0  =  H3MnOs. 

The  amount  of  oxygen  taken  up  is  determined  iodimetrically  by 
adding  hydrochloric  acid  and  potassium  iodide  to  the  manga- 
nous acid  and  titrating  the  liberated  iodine, 

H2MnO,+  4HCl=MnCl2+2H20+Cl2  and  2X1+0^=21031+1,. 

Hence  1  gm.-at.  1  =  8  gms.  =  11195.5  c.c.  oxygen  at  0°  C.  and 
760  mm.  pressure. 

Reagerds  Required. — 1.  An  approximately  ^N.MnCl^  solution 
obtained  by  dissolving  400  gms.  of  MnCl3+4H20  in  water  and 
diluting  to  1000  c.c.  The  manganese  chloride  must  be  free  from 
iron. 

*  Gasanalyttache  Methoden. 

t  Experimental-Untersuchung    uber   Zersetzungen   und   Verbrennungen 
von  Koblenwasserstoffcn,  Habilitationschrift,  Munich,  1896. 
t  Berichte,  21  (188S),  p.  2843. 
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2.  Sodium  Hydroxide  Solution  Conítuning  Potassium  Iodide. — On 
aecount  of  the  nit  rite  usually  present  in  commercial  sotlium 
hydroxide,  the  alkali  solution  is  prepared  írom  sodium  car- 
bonate  and  ealcium  hydroxide.  The  elear  liquid  is  siphoned  off 
and  concentrated  in  a  sílver  dish  until  its  speeifie  gravity  is  1,35. 
In  1 00  c.c.  of  this  solution,  10  gms.  of  potassium  iodide  are 
dissolved. 

\  portioD  of  the  alkaline  potassium  iodide  solution  on  being 
acidified  with  hydrochloric  acid  should  imt  immediately  turu 
starch  paste  blue,  and,  furthennore,  large  amounts  of  carbonate 
inust  not  be  present. 

X 

3.  • —  Sodium  Thiosuiphate  Sol  úhon* 

Proceduře. — A  glass-stoppered  flask  of  about  250-c.c.  capacity 
is  taken  and  its  exact  capacity  is  dctermincd  by  weighing  it  first 
empty  and  thon  íilled  with  water  at  17.5°  C.  If  the  water  to  be 
anály  zed  is  saturated  with  airř  it  is  simply  poured  into  tlie  Si 
otherwise  the  water  is  conducted  through  it  for  ten  minutes. 
ThenT  by  means  of  a  pipette  reaching  to  the  bottocp  of  the  ílask, 
1  c.c.  of  the  alkaline  potassium  iodide  solution  is  introduced  and 
inunediately  afterwards  I  c.c,  nf  the  manganese  chloride  solution. 
The  ílask  is  clQBod,  shaken,  and  allowed  to  stand  until  the  preeip- 
iinte  has  settlrd,  Thcn,  by  means  of  the  long-stenuned  pipette, 
about  8  C»C,  "ť  foncentrated  hydrochloric  acid  are  introduced  and 
the  cuiitcnts  uf  the  flask  once  more  shaken.  The  precipitate  dis- 
solvefl  n -ad i ly  with  liberation  of  iodide  and  the  latter  is  titrated 
with  sodium  thiosulphate  in  the  usual  way. 

Remark, — The  results  ohtained   by  this  method  agree  r)> 
with  those  obtainetl  by  hoiling  the  water  as  deecribod  00  p,  564* 

Carbon  Monozide,  O  K     MoL  Wt.  28. 

28  gms.  of  CO  occupy  a  volume  of  22.301  liters  under  stand- 
ard coiuliiioii- 

The  Lrrj-  i-  only  verv  dightly  soluble  in  water;  arconling  to 
Bunseti  1  volume  of  water  absorbs  at 


B >"■  C 0.028688  co,  CO 

22.0°  C 0.022907    u     " 
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oř,  5n  generál,  the  amount  dissnlved  is 

a -0.032874 -0.0081632*1+  0.000016421  •". 

ln  alcohol  the  gas  is  about  ten  tirnes  rnore  soluble  than   it 
is  in  water. 

Its  determination  is  effected  either  by  absorption  oř  by  oom- 
biistion. 

Abwrbcnis. — Ammoniocal  Čapnut*  Ctdůride*     200  gZD8.  OJ  C 
mereial  cuprous  chloride  are  shaken  in  a  closed  flask  with  a  solu- 
tion of  atnmoniuin  chloride  (250  gnis.  in  750  r.<\  water),  and  to 
>  v<  ry  ihr.v  volumes  uf  this  mixture  1  vol.  of  ammonia, 
gravity  0.91,  is  added.     In  order  that  the  solution  may  remain 
active,  a  spirál  of  copper  wire  ta  introduoed  into  the  flask  l 
enough  to  reach  froni  tiie  bot  tom  up  to  the  stopper. 

1  <\i\  gI  this  sólu t ion  will  absorb  16  c.c.  of  carhon  monoxi 

Foraierly  it  was  the  ahnost    universa!   custum   t<>   absorb  this 
gas  by  tneana  of  a  kyérocklone  aeid  solution  of  cuproua  cbloridej 
I  nit  to-day  this  is  not  doně  on  accnunt  of  the  following  i 
Tlie  absorption  of  carbun  BlORoxide  by  ineans  of  cuprous  chloride 
takés  pláce  aeconliug  to  the,  following  cquation: 

tu_,(1,fťt>^Cu,Clt.CO. 

The  conipound  Cu2CLO  >  is  eXtremely  iinstable  and  ean  only 
be  fotmed  when  there  is  a  rertain  pressure  exerted  by  the  carbon 
moBOXide,  bo  that  vrhen  the  aeid  eolution  b  uaed  the  absorption  will 
bever  l>e  quantitative.  l  urthor.  \í  a  gas  free  from  carbon  monoxide 
(niirogoii  oř  hydrogen)  is  shaken  with  such  a  solution  after  it  ha 
beeo  ušed  several  tirnes,  a  part  of  the  CuíClt.CX)  ín  solution  will 
be  deoomposed  according  to  the  above  equatíon  in  the  direction 
of  right  to  taft,  until  the  partial  pressure  of  the  carbon  monoxide 
set  free  ia  suflicient  to  restore  equiHbrium.  Consequently  the 
volume  of  the  gas  will  appear  greater  after  it  has  been  tra 
with  the  cuprous  chloride  pohitio®  than  it  was  originally. 

When  an  ammoniocal  cuprous  chloride  solution  is  exnptoyed 
the  absorfition  of  the  carbon  KDOHOXÍde  18  almost  quantitative   but 

'  Htteh  ■  Bolfition  has  been  ušed  repeatedly  it  will  readily  g 
up  snme  of  the  tras,  althougb  nol  bo  readily  :is  is  the  ca>< 
solution  of  rupmus  chloride  in  hydroehloric  aeid  or  cafaiuzo  chlo- 
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ritle;*  It  is  advisable,  therefore,  ta  a<lo|>t  the  suggestion  of  Dreh- 
schmidt,  ;ii m I  first  absorb  the  greater  part  of  the  gas  by  means  of 
an  okl  solution  of  cuprous  chloride,  aftenvards  removing  the  last 
traces  by  means  of  a  freshly-preparal  solution,  oř  one  which  has 
been  ušed  but  a  íew  times. 

Besides  carbon  monoxide,  the  ammoniacal  cuprous  chloride 
solution  will  absorb  acetylene,  ethylene,  etc,  so  that  these  <:a><>s 
must  be  removed  previously  by  means  of  fuming  sulphuric  ar  id  Of 
bromine  water. 

By  long  shaking  with  concentrated  nitrie  acid  (specific  pra  vity 
1.5),  carbon  monomie  ís  eompletely  oxidized  to  carbon  dioxidc, 
and  the  latter  caři  be  removed  by  treatment  with  potassium 
hydroxide  solutkm.f 


Determination  of  Carbon   Monoxide   by  Combustion  with 
Air  oř  Oxygen. 

The  follmving  reaction  shora  how  carbon  monoxide  may  be 
determined  by  combustion: 


CO  +  O   - 

2  voU.       1  vol. 


eo2. 

2  vola. 


From  the  reaction  we  can  make  the  following  deductions: 
|L  The  difference  ID  the  volume  of  the  gas  mixture  before  and 
after  the  combustion  is  for  2  vob.  CO;  3  —  2=1  and  for  1  vol. 
CO^A,  This  difTercnce  is  designuted  as  the  contxaction.  The 
rnntraction  autsed  by  the  eomhusíion  oj  carbon  monoxide  is,  thin- 
fóre,  eqiial  to  half  the  originál  volume  oj  CO. 

2.  Thi  volum*  oj  fhf  rarhon  (fioj-jrfe  formed  i*  equal  to  the  mlume 
of  the  carbon  mano&idě  originaUy  přesnít.  lf.  then,  the  oftzboo 
dioxide   is  determined  by  afagorption   with  caastic  potash,  the 

volume  of  the  rarbnn  monoxide  is  at  nnee  ohtained.  pmvided  no 
other  oombustible  gas  containing  carbon  is  present  at  the  samé 
tinie. 


*  Cuprous  chloride  ia  nnhible  m  a  coficeotrcited  solution  of  c&Icium  chlo- 
ride.    1  cc.  of  tliiN  sohition  absoHis  12  to  15  c,e.  of  CO. 
tTrendwt'11  and  Stokes,  Beriehte,  21,  p.  3131. 
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3.  For  the  eombiistion  of  2  vols.  of  CO,  1  vol.  <rf  oxygen  is  EM 
sary,  aru  I  eoaaeqtieatfy  (hě  amowná  *>j  oxygen  consumed  ta  equal  to 
kaif  the  volumt  oj  tht  varhan  monoxidv. 

M&kodě  of  Effectittg  the  Combiistion* 

The  combustioc  *>(  the  carbon  nionoxide  can  be  earried  out  in 
several  different  ways: 

1.  By  explosion. 

2.  By  ťumlurting  the  gas  over  glowing  palladium  oř  platinum. 

3.  By  condueting  the  gas  over  copper  oxide. 

L  Conthusiititi  by  Explomon, — The  gas  is  mixed  with  a 
suffieient  ariií unit  of  air  in  a  measuring  vessel,  such  as  is 
shown  in  Kg.  82,  and  the  latter  is  connerted  by  ineans  of 
the  eapillary  E  with  the  ílempers  explosion  pi|>ette  showu 
in  B%«  83,     The  gas  is  completely  driven  over  into  the  latter 

so  that  the  eapillary  is  entirely 
filled  with  mercur>\  the  stop-c<< 
of  the  capillary.  and  of  the  exph.- 
BŽ0J3  pípeite  are  both  dosed,  and 
an  eleetrie  spark  is  inade  to  pass  be- 
twcen  the  two  platinum  point s which 
are  fused  into  the  glass  walls  of  the 
pipette;  this  im  media  těly  causea 
an  explosion  to  také  pláce.  After- 
wards  the  gas  is  on  re  more  driven 
hack  into  the  measuring  bun 
and  its  volume  again  detemiined,  The  difference  in  volume 
befoPB  and  after  the  explosion  represents  the  contraction. 

This  niost  excellent  method  can  in  sonie  cases  lead  to  errone<>us 
resulta    In  praetioe.  it  is  abnost  always  a  questioc  of  detenninj 
the  ainount  <>f  combusťible  gas  in  a  mixture  containing  nitrogen 
obtained   after  treatment    with   the  different  absorbents.     If 
amnunt  nf  combustible  gas  presenl  ts  t«io  small  in  proportion  to  the 
amount  <>f  non-combustii  -  'tore  will  be  no  combustion  w! 

cr;  while  on  the  other  band,  it  tliis  relatlOD  ifl  toO  Utfga,  a  part 
of  the  nitrogen  will  be  burnt  to  nitric  aeid  (hydrogen  is  usually 
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present).     According  to  Runsen,  the  combustion  is  eomplcte  when 
30  part8  of  eombustible  gas  are  prosen t  for  each  100  parts  of  nnn- 
cornbustible  gas.     Consequently,  if  the  explusion  niethod  is  to 
tflfed  for  the  anal\  sis,  the  approxitnate  composition  of  the  gas  inust 
be  known. 

2,  Cembuafwfl  by  Cmducting  the  Qúě  ovq  QUxeing  Palladium, — 
This  is  the  most  certain  of  all  methods  for  cffecting  the  cotn- 
bustiořu  because  it  is  entirely  independent  of  the  pmportion 
of  combustible  gas  present,*  and  there  is  no  danger  of  any  of  the 
nitrogen  being  oxidized.  The  combustion  is  best  effected,  as 
pmposed  by  Drehschrnidt,  by  pawing  the  gas  through  a  thiok- 
walled  platinum  capillary  tube  eontaining  tliree  palladium  winea 
The  platinum  capillary  (Fíg.  S2,  V)  h  placed  between  the  gas 
burette  and  the  Drehschrnidt  pipette  S  (Fig.  82).  and  it  is  heated 
by  means  of  the  non-Iuminous  fláme  of  a  Tcclu  burner.  The 
gas  is  repoiitcdlv  passed  tíirough  tiie  gluwipg  rapillary  until  there 
is  no  further  diminution  in  volume!  showing  the  combustion  ío 
be  complete.  There  is  no  danger  to  be  feared  from  explosions 
even  when  pure  tletonating  gas  is  passed  through  the  platinum 
tube,  and  by  this  mot  hod  COt  H,  aíid  CHj  are  coniplctely  oxidized. 
In  the  analysis  of  gases  eontaining  only  srn  all  amounts  *if  the 
above  gases  (e.g.  exhaust  gases  from  gas-niotors)  the  so-catled 
f  ractkmal  combustion  is  employed.  By  this  means  either  hydrogen 
and  carbon  monoxide  are  oxidized  wliile  methane  is  not,  oř  car- 
bon  monoxide  is  alone  burned. 

Fnutionul  ťtwihustion.  — •  If ,  according  to  Habcr,t  an  abso- 
lutcly  drv  gas  mix  tu  re,  consisting  of  eonsiderable  DÍtroggl 
and  oxygen  with  little  carbon  monoxide,  hydrogen,  and 
m ethane,  is  slowly  conducted  (at  the  rate  of  abntit  700- 
N<lO  c.c.  per  hour)  through  a  glass  0  tube  3  mm.  in  diaui 
éter  which  contains  a  palladium  wire  06  cm.  long,  folded  into 
three  lengths  of  about  ltt  cni,  then  if  the  temperature  oř  boiliím 
sulphur  is  maintatned,  the  hydrogen  and  carlxm  monoxide  will 
be  completcly  burned,  wliile  methane  will  escape  from  the  tube 


*  It.  is  oni  v  necoKsury  If)  make  sure  that  a  large  exeeas  of  oxygen  is  pres- 
ent írf.  Hettipel,  Zeitscíir.  f.  anorg.  Chem.,  XXXI  (1902),  p.  447* 
t  Loc.  ctt. 
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in  an  unchanged  condition.  By  connecting  the  D  tube  with  a 
weighed  caldum  chloride  tube  and  thcn  with  íwo  weighed  si  m  lá- 
li me  tuhee  i  SS8)  the  uiereaee  in  the  vreight  of  the  fonnear 

will  show  the  WmoUJlI   df   water  fornied   ínmi   the  tyrdfQgttl,  and 
the  gam  in  weight  shuwn  by  the  snda-lime  talbes  mnvspoiid- 
the  amoimt  cí  carbon  dioxide  fornied .  f rum  the  carbon  monoxide. 
If.  after  passing  throu^h   the  soda-lime  tubes,  the  gas  is  pfll 
through   a   eoíiibusiK .11-1  ul m-    ti  Hed  with  platmiged    nshostoe,  ->r 
OOpptf  oxide,  whirh   is  heated   to  a  dark-red   ln»at,  the   methane 

iuantitatively  Inirnod  to  water  and  carbon  dioxide;    the  foli 
U  absorbcd  in  a  calciuin  fthlúriáe  tube  and  the  L&tter  in  tv 
lime  tubes,  ali  three  tuhee  being  vwighed  before  the  £as  is  pa 
thlÓUgh  thcm.     In  this  way  a  cheek  h  obtained  upon  the  accui; 
of  the  detenninution,  for  the  proportion  of  carbon  to  hydro- 
found  shouki  be   1:4. 

The  combustion  of  carbon  monoxide  alone  from  a  mixture 
of  this  gas  witli  hydíogai,  met  hune,  and  air  can  be  effected  satis- 

orily  as  folluws: 

After  i  he  gai  has  beeo  freed  from  C02,  unsaturated  hydroeart 
and  aqueous  vap<n\  it  ■  ooodttcted  through  a  U  tube*  eontaining 
60-70  gms.  of  pure  iodine  pentoxidef  heated  to  160°  C;   by  thia 
means  the  carbon  monoxide  is  almu*  oxidized  with  liberation  of 
iodine  according  to  the  equation 

IA  +  ^0  =  5C03+I34 

If  the  gas  is  now  conduetcd  through  two  PéUgot  tubes  eontaining 

potaashim  bdide  snlution,  the  iodine  will  be  absorbed  and  can 

N 
be  titrated  at  the  BOJ  l  01  the  experiment  with  —  sodium  thiosulphate 

sólu  t  ion. 

\ 
1  c.c.  <=■  NajSjOj  aolution  corresponds  to  5.6  c.c.  CO,  measured 

under  standard  eonditions. 

*  Tlít-  D  fcufac  is  heťbad  in  I  smál!  paraíTin  bath. 

■(•  Iodine  pe&toodde  is  prcpared  1 » v  heatiog  kodle  ic&d  in  a  current  of  diy 
nir  ut  tS0°  um í!  the  water  iv  <-miipli-tr1y  n-rnoved. 

louce,  Oompt.  naň*,  12l>,  p.  740,  and  Kinnicutt,  Joum.  of  the  Ajn* 
Wll.  p.  14. 
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Ii\  aftcr  fche  6&rboi]  dioxide  and  water  háve  onee  more  bcen 
removed  from  tlie  gas,  it  is  passed  through  &  combustion-lube 
half  filled  with  eopper  oxide  and  half  with  plntinized  asbestos, 
both  beated  to  dark  redness,  t he  hydrogen  and  methane  will 
be  completely  bumed  to  Wfttef  and  carbon  dioxide,  which 
can  be  absorbed  and  m :iglnid  ttfl  heforc.  From  the  amounts  of 
each,  the  hydrogen  and  methane  preaent  in  the  gas  can  be  calcu- 
lated. 


Quahtfttin   DeUcti&n  of  Tracrs  of  Carbon  Monoxide  in  the  Air. 


If  blood  be  diluted  with  water  unii  I  the  solution  shows  nnly  a 
slight  red  eolor,  it  will  give  a  charaetariatifl  ábaofption  apeetaxm; 
two  dark  absorption  bands  appear  between  the  D  and  E  lineš, 
lí  to  tliis  clilute  blood  solution  a  few  drops  of  a  OOHeentTEtod 
ircshly-preparcd  ammonmm  sulphidr  are  added,  ihr  dark  bands 
Ji^ippear,  and  instead  a  single  broad  band  will  appear  at  a  plare 
between  the  positions  of  the  previous  banda.  Hlood  oontaitung 
carbon  monoxide  behaves  quite  difFerently.  When  the  latter  gas  is 
present,  the  btood  takés  on  a  rose  eolor  and  the  solution  gives 
a! most  the  samé  absorption  spectnim  aa  pure  blood  (the  banda 
si  lift  slightly  toward  the  violct)  but  in  this  čase  the  two  fanda 
(fa   not   ííistípprar  on    tht    (ithittion   of  ammonuun   sttlphťde, 

T<i  detect  tnurs  of  carbon  monoxide  m  the  airt  Vogel  direets 
that  a  100-c.e.  bot tl<\  filled  with  water,  be  emptied  in  the  rootn 
QOXltaining  the  gas,  and  that  2  to  :j  c.í\  of  hlood,  highly  diluted 
with  water,  and  showing  only  a  very  faint  red  eolor  (although 
still  giving  the  blood  BpectruoQ  in  a  enlumn  as  thick  as  a  beetrtube) 
be  poured  into  the  botÚe  and  shakeu  for  some  minutes.  To  the 
solution  a  few  drops  of  ammoiiiun  sulphide  solution  are  added 
a nd  the  liíjuid  fa  exami&ed  by  papáno  of  the  spectaoeoope,    If 

the  two  bfUlda  are  now  visible,  carbon  jftonoxide  Kfl  pTOPOIli     Ae- 

coiding  to  Vogel  as  little  as  0,25  per  rent.  of  00  ran  be  deteeted 

i  i  l   tliis   \\:i\\ 

Hempel  has  impmvcd  thís  method  to  a  marked  degree.  He 
foiiud  that  it  WBB  D0l  [PWWÍMe  to  completely  runové  small 
amounts  of  carbon  monoxide  by  shaking  with  the  dilute  solution 
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of  blood,  and  furthermore  concentrated  blood  solutions  could  not 
be  ušed  because  they  foam  so  much.  By  using  a  living  animal,  its 
lungs  furnish  a  better  means  of  absorption,  for  the  gas  then 
comes  in  contact  with  undiluted  blood.  A  mouše  is  placed 
between  two  funnels  which  are  joined  together  by  means  of  a 
broad  band  of  thin  rubber  and  the  ga^  to  be  tested  is  passed 
through  the  funnels  at  a  speed  of  ten  liters  per  hour.  At  the 
end  of  two  oř  three  hours  the  mouše  is  killed  by  immersing 
the  funnels  in  water  and  a  few  drops  of  its  blood  are  taken  f rom 
the  region  near  the  heart.  In  this  way  Hempel  was  able  to  detect 
with  certainty  as  little  as  0.032  per  cent.  CO.  With  such  small 
amounts  of  CO  the  li  ve  mouše  showed  no  symptoms  of  poisonin*; 
this  was  first  apparent  when  0.06  per  cent.  of  the  gas  was 
present.  In  the  latter  čase  after  half  an  hour  the  mouše  breathed 
with  difficulty  and  lay  exhausted  on  its  side. 

Potain  and  Drouin  detect  small  amounts  of  carbon  monoxide 
by  passing  the  gas  through  a  dilute  solution  of  palladous  chloride, 
when  metallic  palladium  is  precipitated: 


PdCl3+CO+H20=2HCl+COa+Pd. 

The  solution  is  decolorized,  oř  turns  a  pale  gray,  when  large 
amounts  of  CO  are  present,  but  appears  a  light  yellow  in  color 
when  only  traces  are  present. 

In  order  to  estimate  better  the  decrease  in  color,  Potain  and 
Drouin  filter  off  the  deposited  palladium  and  compare  the  color 
of  the  filtráte. 

For  the  detection  of  small  amounts  of  carbon  monoxide,  C. 
Winkler  recommends  a  method  which,  as  the  author  has  found, 
will  of  ten  lead  to  error.  According  to  Winkler.  the  gas  to  be  tested 
is  conducted  through  a  solution  of  cuprous  chloride  in  a  saturated 
solution  of  sodium  chloride,  afterwards  diluting  with  four  to  five 
times  as  much  water,  causing  the  precipitation  of  snow-white 
cuprous  chloride,  lf  this  turbid  solution  is  treated  with  a  drop 
of  sodium  palladous  chloride,  a  black  precipitate  of  metallic 
palladium  is  obtained.  Unfortimately,  however,  the  palladium 
is  often  precipitated  even  in  the  absence  of  a  trace  of  carbon 
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monoxide;  fur  cuprnus  chloride  ítsclí  will  roadily  rethice  salts  oř 
palladium. 

It  is  truc,  on  the  nthcr  hand,  tlittt  at  a  definitc  coneentratinii 
ilic  reduotion  OÍ  the  palladnus  chloride  is  OSŮy  efTected  by  nicaus 
of  carbon  niunoxideT  bul  it  is  difíicult  to  always  obtain  thc  rí^ht 
eondiťions,  and  heroin  lies  the  inamiraey  of  thc  method.  1 F  1 ' 
solution  bc  tOO  řunrrtiTratcd  u it h  respert  to  sodútin  chloride#  OTI  1 
large  aniounts  of  carbon  11  ion  oxide  will  ftiil  to  přec  ipit  ale  a  ti 
of  palladium,  beoatlfle  in  that  čase  the  sólu t ion  conlains  not 
o  nly  cop  per  but  also  palladium  i  11  thc  fonn  of  coniplex  sod  i  u  ni 
salts : 

[(AU/IJXa,  and  [IMCljNa,. 

The  sodhim  palladnus  chloride  is  not  reduced  by  carbon  mon- 
oxide  and  therc  is  cven  Icss  likelihood  of  the  two  sudium  salts  arting 
upnu  oitr  aiiutlur.  If  the  solutioti  be  diluted  with  water,  both 
salts  break  down  aecording  to  the  equations 

[Cu,Cl  JNa,  já  2NiC|  +  CuaCI* 
[PdClJNa^  2NaCl  +  PdCh, 

and  only  when  the  palladium  is  in  thc  ionic  Donditioc  is  it  capable 
of  entering  toto  thc  reaetion.  The  fact  tliat  thc  reductinn  of  thc 
pailadous  chloride  is  efTected  by  rneans  »if  00  at  a  nmccntratioti 
at  which  Cu2CI,  is  incapahle  of  causing  any  reductinn  is  časy  tu 
understatid,  for  thc  gas,  O  >.  comee  in  contact  moro  roadily  wiih  a 
suíhcient  munber  of  palladium  ions  than  doee  thc  dilíioultly  soluble 
cuprous  chloride. 


Hydrogen,  H.     KoL  Wfc  2J01& 

2.01ti  gam,  hydrogen  oceupy  a  volume  of  22.391  liters  under 
standard  čoudit  ions, 

Hydrogeo  tg  pnaetíe&Uy  inaolubfe  in  water.  The  usual  way  for 
rletermining  this  gas  by  absorption  is  by  rneans  of  metalhc  palla- 


♦Tlie  absorption  v  nu  nlso  be  accomplíshed  Vflry  satirfactorily  hv  UMÉIHI 
of  a  one-per  cent.  solution  of  paJladous  chloride,  Caiiipbell  and  Hartt  Am. 
Chem.  J.(  lSř  294.— [Translator.] 
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dium;*  but    in   the  majority  of  cases  it  is  determined  by  com- 
bustion with  oxygen  and  observing  the  contraction: 

H,     +     O     -     H20 

2  vols.  1  vol.  0  vol. 

It  is  evident  that  by  the  combustion  of  two  volumes  of  hydro- 
gen, three  volumes  of  gas  will  disappear  (the  water  fonned  occupies 
a  ncgligible  volume).  The  contraction,  therefore,  is  equal  to  f  the 
volume  of  the  hydrogen  consumed.  If  the  contraction  is  denoted 
by  Ve  and  the  volume  of  the  hydrogen  by  VH)  then 

*  C  =  I  '  lit 

and  consequently 

VH  =  \Ve. 

In  many  cases  the  weight  of  the  water  formed  is  determined 

by  absorbing  the  latter  in  weighed  calcium  chloride  tubes,  and 

from  the  gain  in  weight  the  volume  of  hydrogen  is  computed  as 

folio  ws : 

18.02:22,391  =p:x, 

22  391 
£=-7^7-5- Xp==  1242.5  Xp  c.c.  hydrogen  under  standard  conditions. 


Combustion  of  Hydrogen,  according  to  Cl.  Winkler. 

The  following  method  is  employed  frequently  in  technicd 
analyses  for  the  separation  of  hydrogen  from  methane. 

A  mixture  of  hydrogen  and  air  is  conducted  over  gently-ignited 
palladium-asbestos,  by  which  means  the  hydrogen  is  quantita- 
tively  burned  to  water  and  the  methane  is  not  affected.  Fig.  84 
represents  the  apparatus  required.  .4  is  the  cudiometer  and  is 
connected  by  means  of  the  capillary  E.  in  which  is  found  a  short 
fibre  of  palladium-asbcstos,  with  a  Hempel  pipette  filled  with  water. 

The  capillary,  E%  is  heated  by  means  of  the  small  fláme  F?  at 
the  pláce  where  the  palladium-asbestos  rests,  to  a  tempcrature  of 
about  300  to  400°,  but  not  hot  enough  to  soften  the  glass.  After 
the  gas,  which  is  mixed  with  air,*  has  been  passed  back  and  forth 


*  If  oxygen  is  ušed  instead  of  air,  the  combustion  of  the  methane  is 
ineomplete.     Cf.  O.  Brunck,  Zeit.  f.  angew.  Chem.,  1903,  p.  195. 
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thmugh  the  capillary  ihree  tmios,  \hv  oúmbustiOQ  bS  OOIQplete.  Iť 
lbe  abo vd  apeeified  te  nperatmv  i>  not  e&eeeded,  no  trace  of  meth- 
ane will  be  hnnird  and  the  hydrogen  detenuinatiou  will  be  acni- 


Fig.  84. 

rate.  It  is,  however,  difficult  to  regulate  thia  temperature  rlosely 
enough  to  prevent  thfi  eomhustinn  uf  soine  methane  unless,  as 
recoiiiinciided  by  Habcr,  the  tube  is  heated  by  means  of  siilphur 
r;  the  resulls  are  usually  froni  0.5  to  1  per  rent.  too  high, 
jtaration  of  Palitiffium-tishistos. — Three  gms.  of  80ti  i  um 
palludous  chloride  are  dksolved  in  as  little  water  as  pnssihir, 
3  c.e.  of  a  06U  saturated  solution  of  SOdiltSQ  formáte  are  ftdded 
and  enough  sodium  carbonate  solution  to  mako  the  Bohltsoo 
alkaline.  Then  about  1  gm.  of  soft,  fong-fibted  asbestos  i- 
added,  which  suda  up  the  whole  of  the  liqníd,  and  the 
mixture  is  dried  QQ  the  water  bath;  by  this  means  fin« 
divided  palladium  is  deposited  imifnrmly  thlOUgh  the  asbestos; 

XaJM<V  HOOONa  --:i\a<  1    lín    ma  +  pd. 
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The  hydrochloric  acid  formed  by  the  above  reaction  is  neutral- 
ized  by  the  sodium  carbonate.  In  acid  solutions  formic  acid 
hardly  reduces  palladous  chloride  at  all. 

After  the  asbestos  has  thoroughly  dried,  the  mass  is  softened 
with  hot  water,  placed  in  a  funnel  and  washed  with  hot  water 
until  the  soluble  salt  is  completely  removed.  It  is  then  dried 
once  more  and  preserved  in  a  well-stoppered  bottle. 

The  palladium-asbestos  fibre  is  introduced  into  the  capillary 
tube  as  folio ws:  The  fibre  is  rolled  between  the  fingers  to  a  little 
round  wad,  the  latter  is  placed  in  the  opening  of  the  unbent  capil- 
lary tubing  and  by  gentle  tapping  upon  the  table  it  is  made  to  pass 
along  to  the  centre  of  the  tube.  The  latter  is  then  bent  as  shown 
in  the  figuře. 

Methane,  CH4.    Mol.  Wt.  16.04. 

16.04  gms.  of  methane  occupy  a  volume  of  22.391  liters  undeř 
standard  conditions. 

Methane,  also  called  marsh-gas  oř  fire  damp,  is  only  slightly 
soluble  in  water.  According  to  Bunsen,  1  volume  of  water  absorbs 
at  0°  C.  only  0.05  volume  of  methane,  oř  in  generál: 

a = 0.05449  -  0.001 1807  •  t + 0.000010278  •  t\ 

In  alcohol,  the  gas  is  about  ten  times  as  soluble  as  it  is  in  water. 
Inasmuch  as  no  satisfactory  absorbent  for  methane  is  known, 
it  is  always  determined  by  combustion. 

From  the  equation  representing  the  combustion, 

CH4  +  202  =  C02+2H20, 

2  vola. +4  vola.      2  vola.     0  vol. 

we  can  make  the  following  deductions: 

1.  Contraction. — The  contraction  caused  by  the  combustion 
of  methane  is  equal  to  twice  its  originál  volume. 

2.  Carbon  Díoxide. — By  the  combustion  of  methane  an  equal 
volume  of  carbon  dioxide  is  produced. 

3.  Oxygen  Consumed. — For  the  combustion  of  one  volume  of 
methane  two  volumes  of  oxygen  are  necessary. 
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ANALYSIS  OF  ILLUMIHATING   AND   PRODUCER   GASES. 

The  analysis  of  all  such  gases  is  best  perfonned  either  by  thc 
method  of  Henipel  *  oř  that  of  Drehschmidt.f 


HempeFs  Method.    , 

Hempers  apparatiis  is  shown  iix  Fig,  82.  It  eonsists  of  a 
eudiometer,  W,  divided  into  $  c.c,  and  connected  by  twans 
of  rubber  tubing  with  the  levelling-bulb  K.  The  eudiometer  is 
also  connected  with  the  compensatíon-tube  D  and  the  latter  is 
connected  with  a  nianometer  C;  both  the  tubes  W  and  D  are  sur- 
rounded  by  a  cylinder  containing  \vatei\ 

Calibralion  of  the  A pfxírfttus,— First  of  all  the  manometer-tubr  is 
filled  with  mercury  by  raisiiiLC  the  levelling-bulb  A"  with  the  stop- 
cock  p  in  the  position  shown  in  Fig.  82,  so  that  thcre  is  an  open 
connection  between  W  and  c;  the  mercury  is  allowed  to  pass  over 
into  C  until  the  mark  mm  is  reached.  The  volume  of  the  ma- 
tu imeter-tube  from  the  mark  MS  to  the  point  a  (Fig.  82)  is  now 
determined  as  follows: 

Bj  earefutly  lowering  the  bulb  K  the  mercury  is  drawn  over 
into  C  exactly  to  the  point  a  when  the  stop-cock  p  is  elosed.  A 
lit  tle  air  is  allowed  to  enter  into  the  eudiometer  through  the  right- 
haittl  capillary  tube  above  p  (the  tube  E  ehould  be  wilhdrawn  as 
in  Fig,  85),  the  levelling-bulb  K  is  placed  upon  a  solid  support  at 
about  the  sanie  height  as  the  mercury  m  \\\  and  With  the  stop- 
ooek  p  still  open  the  position  of  the  mercury  in  ir  is  read.  The 
stop-cock  is  rlosed,  K  is  raised  a  littte  and  p  is  tu  med  to  the 
position  shown  in  Fig.  82.  By  raising  K  still  higher,  the  air 
is  driven  over  into  the  manometer-tube  C  until  the  mercury  has 
exactly  reached  the  mark  m,  when  the  stop-cock  A  (Fig.  R2)  is 
dojed.  The  exact  position  of  the  nierciiry  is  then  adjusted  by 
tuming  the  fftop-GOCk  p  one  way  or  the  other,  and  the  position 
of  the  mercury  in  W  is  ouce  more  read.    The  diflference  between  the 


*  Gasanalvtische  Methoden  (1900),  p.  48  ff. 
t  Berichte,  21,  p.  3242  (1888). 
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two  readings  represents  the  volume  of  the  tube  between  the  marks 
m  and  a,  an  amount  which  must  be  added  to  all  subsequent 
readings. 

A  drop  of  water  is  now  introduced  at  c,  by  means  of  a  fine 


Fig.  85. 


pipette,  into  the  compensation-tube  D  and  the  end  of  the  tube  c 
is  either  fused  together,  oř  closed  with  a  cork  stopper  and  made 
air-tight  with  sealing  wax. 

Proceduře  for  the  Analysis. — If  the  analysis  is  to  be  carried 
out  on  the  spot,  a  large  sample  of  the  gas  is  collected  in  a  Dreh- 
schmidt  pipette  (Fig.  82,  S).  To  accomplish  this  the  capillar\- 
tube  E'  is  connected  by  incans  of  rubber  tubing  with  the  source 
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of  thc  říasř  and  the  slop-eoek  II  is  tumed  po  lhát  tne  tube 
£'  a  ni  eonneetton  with  the  bulb  <»f  the  pipette,  the  levelling^btilb 
betqg  ba  a  kw  poflittofl  and  the  stop*oock  a  left  open.  The  pipette 
is  entirely  filled  with  the  #as,  then  the  stop-rock  Ař  is  tumed 
BO  that   it   cnmimuiicates  with  the  outrr  láv,  und  th<<  gjus   is  eom- 

pletoly  espeBed  ftom  the  pipette.  The  gas  is  in  this  way  dr&wn 
in  and  out  of  the  pipette  at  leasi  thfee  times  in  order  ta  mako  sure 
ihat  alt  foreígn  gae  (air)  Ls  reoioved  froni  the  rubber  tubing.  The 
sample  of  gas  is  then  taken  and  the  two  Stop-COCíkfl  A/  and  s  are 
cloeed. 

In  order  to  bring  the  gas  to  be  tested  froin  ilie  Drehschmidt 
pipette  into  the  eudiometer,  the  fcwo  instrumenta  are  oormected 
by  tneans  of  the  eapillary  E'  (imagine  the  capillary  E  in  E%*  82 
to  be  reptaeed  by   FJ)  and  the  rubber  eonnections  are  firmly 

wired  to  the  gloss.  The  stop-eoek  .1/  is  turiird  to  the  posi- 
(ion  shown  in  Fíg,  S2P  the  levollin<í-bulb  K  is  raised  (aftor 
previously  eauging  the  měrou  ry  in  tln*  manometer-tubQ  to  re&eh 

lO  the  point  ft)  aitd  the  hurette  ifl  entirely  filled  with  » nemíry 
until  the  latter  be^ins  ta  fiow  from  out  of  the  tip  of  the  key  at 
Ifj  when  the  fioékfl  A  and  ;>  are  dosed.  The  OOCfc  M  is  then 
turned   so  that   the  pipette  S   and   the    burette    \V   are   in    nm- 

fcídn,  /C'  is  raised,  *  opened,  /v  lowered,  and  both  p  and  A  are 
opened, 

Aíter  about  40  CO.  of  the  gas  háve  pASSed  over  into  the 
eudiometer,  the  oockfl  d  and  .1/  are  elosed,  the  key  of  the  stop-' 
OOck  M  (whieh  nuist  be  entirely  filled  with  memiry)  is  dipped 
into  ■  heaker  eontaining  uterem  v.  and  the  ur:^  in  the  <\'ipillarv  is 
sucked  into  W  by  lowering  K  and  opening  ,4  and  p,  As  soon  as 
the  capillary  E  is  entirely  filted  with  merairy,  Af  p  and  finally  M 
;in-  dosed. 

Thé  volume  of  the  ^as  in  Ur  is  now  determined  as  foQows; 
^4  is  opened  and  K  raised  so  that  the  merniry  in  the  bulb  is  a 
little  higher  than  it  is  in  l\\  Aíter  this  p  is  opened  nud 
the  driven    over    towards    C    until    the   CQercury    in   buth 

arms  of  the  nianonieter-tuVie  is  at  about  the  samo  hei^ht, 
wfien   A   is  iinrnediately  ťhisetl.     The  íast    fim-  adjustiuent  of  the 

mercury  levek  within  the  tubes  m  tnadé  by  elofidng  oř  opening 
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tfae  xrew-cock  Q;*  the  volume  b  now  read,  and  to  the  reading 
the  eorrection  corresponding  to  the  volume  betwcen  the  marks 
M  and  a  is  added. 

From  this  point  begins  the  analysis. 

i.  Detennination  of  Carbon  Dioxide. 

With  the  stop-cock  p  dosed,  the  cock  M  is  tu  med  as 
shmvn  in  Fig.  82,  the  Drehsehmidt  pipette  is  removed  and 
replaeed  by  a  seeond,  clean  pipette  cornpletely  fiiled  with 
memiry.  On  oon&ecti&g  the  stop-cock  M  with  the  rubber 
eonnector  of  the  capillary  E\  it  fibould  be  in  the  posh. 
showu  in  the  drawing.  By  this  rncans  the  mercury  in  the 
rubber  tubing  can  flow  out  throngh  the  key*  After  wiring 
the  rubber  tightly  to  the  glass,  from  3  to  5  <\c.  of  CftUi 
pataáh  solution  (1:2)  are  introduced  throiigh  the  key  into  the 
pipette  JI  and  the  alkali  in  the  capillary  is  washed  out  with 
about  2  c.c.  of  distilled  water  and  then  with  a  little  mercury; 
after  this  the  gas  itself  is  drivec  over  into  tho  pipette.  Wheo 
the  mercury  bae  filled  the  wbole  capSlaiy,  both  to  the  ríght  and 
left  of  Mf  then  A,  pf  and  M  are  closed.  The  bulb  A''  is  raised  so 
that  extra  pressure  is  placed  upnu  the  gas  in  the  pipette  and  s  is 
dosed*  The  pipette  is  now  gently  shaken  for  threc  minutes  with- 
out  disconnecťmg  it  from  the  eudiometer,  after  which  the  gas  is 
retnmed  to  \V  as  follows:  M ,  p,  and  A  areopened,  A'  is  lowered,  K' 
raised,  and  s  openetl.  When  alrnost  all  of  the  gas  has  been  driven 
out  of  tho  pipette,  Mf  p.  A,  and  Q  are  dosed,  the  ievelling-bulb 
is  placed  on  the  table  below,  and  A'  is  placeni  upori  the  support 
(miasiag  from  Fig.  82,  bui  shown  in  Kg.  86)  upon  which  the  pi- 
pette itself  rests.  M9  p,  -4,  and  s  are  now  opened  and  Q  scrcwed  up 
a  little  so  that  the  gas  is  very  slowlv  sueked  into  the  bur« 
As  soon  as  the  caustic  potash  solution  has  rearhed  Af  the  latter 
is  dosed.  The  gas  remaining  in  the  capillary  to  the  left  of 
M  is  now  rcmovM  by  -uckiriir  mercury  thnmgh  the  key  ť,f  3/ 
into  H\     Finally  the  vol  unie  of  the  un&beorbed  gas  b  read  in  the 


♦The  reading  is  bašt  made  with  tho  hrlp  of  a  small  telescope,  the  ocular 
of  which  is  pmvided  with  rross-hairs.     For  this  purpose  the  tělesnou 
neeted  with  a  Bunsen  spectroscope  is  suitable. 
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same  way  as  before.     The  difference  betwecn  the  two  readings 
-ents  the  amount  of  0  >_,. 

2.  Determination  oř  the  Heavy  Hydrocarbons 

The  pipet te  eontaitiing  the  caustic  potash  sohltiOD  Kfl  removed 
and  replaced  by  anothcr  containing  faming  sulphuric  uvul*  The 
gas  is  driven  over  intn  the  lutter,  shakcn  with  the  acid  fof  three 
iuinutesřt  ami  the  pipette  emptied  in  precisely  the  ttOl  way  as 
before.  The  gas  is  now  returncd  to  the  pipette  containing  the 
caiistiť  potash  inorder  to  rentové  the  loid  V&poiB,  and  finally  tlBOg- 
ferred  to  the  burette  IV  and  its  volume  read.  The  difference 
before  and  after  the  treatment  with  fuming  sulphurie  acid  repre- 
sents  the  sum  of  the  heavy  hydrorarbons  (í\H(í  C6HB,  til,,  «>tt\). 
It  is  not  usually  customary  to  attempt  to  separate  the  benzol 
írom  the  ethylene. 

3.  Determination  of  Oxygen. 

This  part  of  the  analysis  is  carried  out  in  exactly  the  sarne  way 

as  the  determination  <>f  the  O  í}f  except  that  in  this  ease  lbe  absnrp- 
tion  pipette  contains  an  alkaline  solution  of  pyrogallol  (cf .  p,  573). 

4.  Determination  of  Carbon  Monoxide. 

The  determination  of  carbon  monoxkfa  ruay  be  effected  either 
by  absorption  with  annnoniaeal  cuprous  chloride  oř  by  si  mul- 
taneous  combustion  with  hydrogen  and  methane. 

For  the  absorption  mcthod,  the  proceduře  Ls  the  same  as  in 
the  rase  of  the  determination  of  the  heavy  hvdroearbons,  i.e.t  the 
absorption  is  eAected  in  a  pipette  nontnining  only  ammoniae.d 
cuprous  chloride  (no  mercury).  The  gas  is  shaken  for  three 
niinutes  with  a  solution  of  cuprous  chloride  which  has  already 
been  ušed  frequcntly,  and  then  the  same  length  of  time  with  a  fresh, 

*  In  this  i>L[**ttr  Ui«"  hulh-tijbe  K'  is  fused  on  to  the  al^rpínm-ímlb, 
so  tlmt  it  is  ■  little  higher  tlum  the  latter,  in  the  f«irrie  w*/  aa  in  the  Heinpel 
pipen  7-,      Meniirv  li  aeteil  QpOti  l*y  fuming  sulphuric  Mtd. 

f  From  the  experienee  of  the  MaasirhusH  ls  Qfti  Inspectofl  it  would  9eem 
as  if  more  linu  were  necenary  for  the  aompfete  fchforpitoq  of  the  b 
hvdrocarbons — perhape  thirtv  i  niti  útes  tnstead  of  thretv— {TraMatorJ 
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oř  little  ušed,  solution  (eL  |  I  More  reading  the  volume 

of  the  unabeorbed  gas  it  nmst   be  freed  froni  ammonia  vapors, 
whicb  fa  aooamplished  by  shaking  with  hydírahlorio  acid  (1:2) 

i  irrliscliinjJi  pipette. 

5.  Determination  of  Hydrogen  and  Methane. 

Aftei  the  removal  of  the  oarboo  moooxide,  the  gas  may 
sist  of  hydmgeti,  methane,  and  Ditrogea.    An  exeess  of  oxyi 
is  ftdded  to  t his  mixture  (witli  illuioinaťing-gas  twice  its  volume 

■  Mni,  while  with  h<tw>miř  water,  and  producer  gas  only  a 
little  more  than  h alf  as  much  oxygen  fa  neceasary),  The  eudiom- 
eter  W  is  oonnected  with  a  Drehachmidt  pipette  en  ti  rely  filled 
with  pure  mercurv  *  bý  ttteafifl  rf  a  Drrhsrhmidt  platinum  capil- 
lary  (Fig.  82,  M,  and  the  latter  is  beatéd  to  bright  ředí 
with  the  non-luminous  fláme  of  a  Tedu  humert  taking  care 
that  the  inner  fláme  mantle  does  not  come  in  eontact  with  the 
platinum,  The  gas  mixture  Is  conducted  three  timea  in  a  slow 
stream  through  the  hot  platinum  tube,  but  taking  care  that  no 
mercury  enters  the  latter.  The  vúhfflfce  of  tho  unconsumed  gas 
fchen  measured  wtthont  rernoving  the  platinum  capitlary,  and 
the  earbon  dioxide  is  detennined  by  introdueing  some  caustic 
potash  into  the  pipette  and  tíien  shaking  the  gas  with  it;  ai 
three  minu  tes'  shaking,  the  umihsorbed  gas  is  returned  tu  the  eudi- 
ometer,  closing  the  stop-eock  M  as  soon  as  the  caustic  potash 
aolution  reaches  it. 

i  'alculation  <>f  Hydrogen  and  Methane. 

Assume  V  cx.  aí  gas    to    he    taken    for  the    analysu.      The 
ilue   remaining  after  the  absorptioii  of  the OOj,  OnIK,,,  Qf  and 
OQ  waa  mixed  with  oxygen  and  bufned.     The  contmetton  j 
dtlced  was  Kraml  theCO,  formed  amottnted  to  VK. 

We  saw  on  p<  ósf>  that  the  volume  of  the  methane  fa  e«pia! 


♦  There  must  bc  no  trnce  of  caustic  potash  in  the  pipette,  bec&use  in 
čase  CO,  would  bfl  ftbtotfoed  mul  an  inaecurate  result  would  be  o 
fo  make  siire  that  iill  the  tikati  [i  Peinov»MÍ,  tlio  jhjw  10-  is  washed  Jir^t  with 
water,  then  with  hvdrodílorie  acíd,  and  finaJly  witb  wateronce  nu 
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to  the  volume  of  the  COa  fornied,  Vm  und  111  per  cent.; 

V:Vr=100:x 

V 

ar=^rlOO-per  cent.  CH€, 

Since  by  the  combustion  of  onc  volume  of  CH4  two  volunns 
of  gas  disappear,  it  is  evidont  that  by  the  combuation  of  VK  G.C. 
of  CH4  the  contraction  will  imount  to  2YK. 

If  the  latter  %'alue  be  Bubtraeted  froin  Ote  total  contraction  V(/f 
the  difference  represents  the  coutraetion  caused  by  the  combus- 
tion  of  the  hydrogen  present  (V  —2VK)  and  two-thirdsof  the  iat- 
ter  represents  the  amount  of  hydrogen, 


2(VC-2VJF) 


■H, 


and  in  per  cent.: 


7:K^c-2Fr)-  =  100:x 
200(YC-2VK) 


zv 


per  cent,  H, 


Determination  of  Carbon   Monoxide,   Methane,   and  Hydrogen 
by  Combustion, 

After  the  absorption  of  the  C02,  CHH2řlp  and  O,  the  residual 
gas  consists  of  00,  CH4I  Hř  and  N.  To  it  a  measured  volume  <«f 
oxygen*  is  added,  the  mix  tu  re  huraed,  and  both  the  contraction, 
Ve,  and  the  carbon  dioxide  formed,  VK,  are  esťuoatcd,  Aíter  this 
the  unused  oxygen  is  determined  by  absorption  with  alkalnu- 
pyrogallol  sohition.  If  the  excess  of  oxygen  is  subtracted  frorn 
the  amoimt  originally  added,  the  differenoa  will  give  the  amount 
of  oxygen  necessary  for  the  combustion,  lTa. 

*  The  purity  of  the  oxygen  mus>t  be  tested  before  the  anály  sis.  bera  use 
lbe  COmmercmí  product  ni  most  always  rontainn  nitrogen.  For  the  analysia  a 
rrwa.sured  Viiluiiii'  of  mtropri  Ls  added  10  :i  (fa&iHe  MDOUnt  of  (ixygen.  as 
.iImivi  •  iIm  UBOUBt  of  tbfl  resídua!  pas  mi^lit  be  tOÚ  sraall  to  fill  the 
iitMiiomrti-r-tulM'  betwoen  the  marks  a  arul  m  í Fip.  82).  The  nitrogc?n 
is  prepared  by  allowing  air  to  st&nd  over  phosphorus  in  a  Hempel  pij 
(Fig.  82). 
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If  the  amount  of  CO  is  denoted  by  x,  the  CH4  by  y,  and  finally 
the  hydrogen  by  z,  we  háve  the  following  three  independent  equa- 
tions: 

1.  Vc=iz+2y+iz, 

2.  VK=x+y, 

3.  V0  =  ±x+2y+lz; 

and  from  these  equations  we  find  that 

V-Vo-HVs+Vá-Ca* 

In  order  to  illustrate  the  accuracy  of  the  method,  the  results 
obtained  in  the  anaiysis  of  the  gas  from  a  Dowson  gas  generátor 
with  the  help  of  the  Deville  tube  (Fig.  78,  cf.  p.  557)  will  be  given. 
Two  samples  of  the  gas  were  taken,  one  35  cm.  and  the  other 
45  cm.  above  the  grate.  The  height  of  the  coal  layer  in  the 
producer  amounted  to  45  cm. 

DOWSON  GAS. 

Sample  I  (35  cm.  above  the  grate). 


I. 

II. 

Mean. 

COf    -     8.54 

8.48 

8.51 

C*H2W=     0.30 

0.30 

0.30 

0        -     0.36 

0.27 

0.31 

CO      -  20.79 

20.81 

20.80 

CH4    -     1.32 

1.26 

1.29 

H       -  21.84 

22.27 

22.05 

N        «  46.85 

46.61 

46.74 

100.00*  100.00  100.00 

The  above  anaiysis  was  performed  by  Korbuly  in  the  author's 
laboratory,  and  the  xcarbon  monoxide  was  determined  by  absorp- 
tion  in  ammoniacal  cuprous  chloride,  but  in  the  following 
anaiysis  this  gas  was  determinerl,  as  described  above,  by  simul- 
taneous  combustion  with  hydrogen  and  methane 

♦These  analyses  add  up  to  exactH'  100  per  cent  simply  because  the 
nitrogen  is  determined  by  diffcrenct  — [Translator  j 
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POUHOU    GAS, 

Satnple  II  {45  cm.  above  the  grate). 
L 


CO,  - 

Curi,**. 

O 

CO  - 

CH,  m 

H  = 

N  - 


a  E8 

0.48 
0,17 
■  20.70 
i  0.43 
i  10.31 
i   50.24 

100.00 


II. 

8.55 

0.48 

0.26 

20  59 

0  43 

10,22 

50  47 

100.00 


M*axu 

s  5e> 

0.48 

0.21 

20.69 

0  43 

19  26 

50.37 

100,00 


Obviously,  the  above  results  are  perfectly  satisfaetory;  it 
is  worth  mentioning,  however.  tliat  aceording  to  the  fornicr  rnethod 
(absurption  of  the  00  and  com  bust  ion  of  the  residue)  the  value 
obtained  for  the  methane  is  almost  invariably  somewhat  higher, 
aiul  that  for  hvdrogen  a  trifle  Inwor  t  han  accoidtag  to  the  second 
tnrthod.  To  illnstrate  t  his.  the  results  of  a  third  analysis  *  will 
be  Rivea,  which  was  also  made  by  Korbuly  m  the  sample  of  gas 
taken  35  cm.  above  the  grate 

Satnple  l  (Dowson  Gad,  35  cm,  above  the  ^rate), 

00  ifcliMlllIlHHÍ  CO  lirtermined 

by  abneinitinii.  by  cnmbuaiion. 


CO,    -     8.51 1 

8.  18 

CnH^=      0  30 

0.88 

O        =     0.31 

0.27 

Q0       -   20  80 

' 

CH4     =     1  29 

0.79 

H        =  22  05 

23.38 

N        =  46  74 

45.89 

100.00  KM)  00 

Of  the  two  methods,  the  author  dccidedly  prefers  the  latter. 

Analysis  according  to  H.  Drehschmidt.  { 

Thfi  apparatus  ol  Drehsrhrnidt.  like  that  of  Herapel,  consists 
of  the  gaa-buretta  H  and  the  oompensation-tube  C\  both  of  which 
are  ootitained  in  a  eylinder  filled  with  vrater  (f%<  88)- 

*  Th*   pí    .niie  from  the  aame  tube  as  in  the  MM  *>f  the  uther  mialysea. 
The  gas  waa  recnoved  from  tlu*  tul.    aa  rfiirríbtd  on  p,  222. 
tThia  is  thr  aimlvM>  jrivrn  00  pigp  Ó94. 
%  Berichte,  21  (1885),  p>  324J. 
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Through  the  stop-corks  a  and  b9  B  and  C  are  connected  by 
means  of  capillary  glass  tubing  in  which  a  drop  of  a  eolored 
Bohition  (indigo  and  sulphuric  aflid)  i*  placcd;   in  order  to  deter- 

mine  the  position  of  the  iatter,  the  capillary  is  provided   with 


Fig.  86. 

a  millimeter  graduatinn,     The  three-way  rock  a  can  be  turned 
fchal    C   OOimectl   \\  ith    the   miter  air   oř   with    the    capillary, 
10  t1t:it  the  capillary  is  in  coonectbn  with  the  air;   it  has  an 
opening  through  tito  top  of  the  key.     The  cock  b  has  a  right- 
angted  boring  likr  //  ■  _\     The  burette  is  divideri  into  milh- 

meteis  and  must  be  ealibrated  with  mercmy  before  usinti     Ttw 
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apparatus  ia  ušed  in  the  samé  way  as  described  under  the 
1  lem  pel  met  hod.  p.  587. 

Techttical  Gas  Aiíalysis. 
Method  of  Hempel 

The  apparatus  necessary  is  depicted  in  Fig,  87.  It  consists  of 
a  long  nieasuring-tube  ending  at  the  top  in  a  thiek-walled  eapillarv 
tube  and  connected  at  the  bot  tom  by  nieans  OÍ  nibber  tubing 
about  a  meter  long  with  the  tevelling-tube. 

The  gas  is  eonfined  over  water  wliieh  has  been  saturated  with 
the  gas  to  be  examined.  and  the  ahsurptinn  is  efterted  i  ti  Hempi  ds 
absorptkm  pipett.es  such  as  are  shown  in  Figs.  88,  Sí«.  W  IH.* 

Fig,  88  represents  a  si  tupl*  pipette  řbř  tiqtlld  absorbents,  while 
Fig.  89  shows  a  com-pou-mi  abeorptioD  pipette.  The  latter  is  ušed 
for  sulntions  which  undergo  change  on  exposure  t* >  the  air,  e.g,f 
an  alkaline  BolutlOD  of  pyrogallol,  ur  nn  ammonieal  ruprous  chloride 
BolutiotL  The  liquid  in  the  1  wo  right-hand  bulbs  serveš  to  prolert. 
the  sulntions  on  the  left.  Fig,  ÍM1  shows  the  pipette  ušed  for 
furning  sulphiiric  acirb  The  sniall  bulb  is  filled  by  the  glass* 
blower  with  glass  beads,  whirh  seně  to  give  to  the  sulphuric  aeid 
the  largest  possible  surfaře,  h>  that  the  absorption  is  effected  much 
more  readily.  Fíg,  01  is  a  pipette  ušed  for  soliti  absorhents,  such 
as  phosphonis,  ete.  In  order  to  Bil  it  with  phoephonts,  the  pipette 
is  ptaeed  upside  dúwn,  the  cylindrical  part  is  hlín  I  with  distilled 
water,  and  a  stirk  of  colorless  phosphorus  is  tntrodueed.  Aíter 
filling  the  pipette,  the  Hlbbeř  slopper  ia  insert edt  the  apparatus 
is  placet!  right  skle  up,  water  is  poured  into  the  bulb,  and  any 
air-bubbles  in  the  cylíndrical  part  of  the  pipette  are  removed  by 
hlowing  thnmgh  the  bulb  iinlíl  the  water  fiowa  out  from  the  top 
of  the  loft-hand  eapillary,  whirh  is  then  closed  by  means  of  rubl>er 
tubinií  and  a  pínch-ooct 

Andysié  of  Iltumintithiti-gas. 

First  of  all  the  OQftfLoing  liquid  kfl  prepared  by  eonducting  the 
gas  through  distilled  water  in  a  wash-bottle  for  several  rninutes 
with  roustanl  shaking. 

•Tht-ee  wooden  pipette  stands  arr  no  longer  rouch  ušed;  iron  ones  are 
prtfarrecL — [Translator.^ 
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The  gas-burette  is  filled  entirely  full  with  this  liquid  and 
then  the  upper  rubber  tubing  is  closed  with  a  pinch-cock.  In 
order  to  fill  the  burette  with  gas,  the  receiver  is  connected  with 

Fiq.  88. 


Fig.  87. 


Fiq  89 


the  burette  by  means  of  a  piece  of  rubber  tubing  through  whieh 
the  gas  has  been  flowing  for  two  orthree  minutes,  the  levelling-tube 
is  lowered,  the  piuch-cock  opened  and  a  little  more  than  100  c.c. 
(i  the  pas  are  allowed  to  flow  into  the  burette.  The  upper  cock 
i-;  now  closed,  the  levelling-tube  raised  until  the  lower  meniseus 
of  the  confining  liquid  is  exactly  at  the  100-c.c.  mark,  when  the 
rubber  between  the  levelling-tube  and  the  burette  is  closed  near 
the  burette  with  a  pinch-cock.  The  apparatus  is  allowed  to 
stand  until  the  water  no  longer  rises  in  the  burette;  this  requires 
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tun  nr  three  minu  tes.  When  the  water  is  stationary,  the  Inuvr 
piurh-cock  is  earofully  ogtened  ií<>r  there  is  extra  pressure  in  the 
burette),  which  causes  the  water-level  to  sink.  When  the  KHi-cx. 
niark  is  again  reached,  thís  eoek  is  dosed,  the  upper  pineh-cock 
is  openeJ  an  instant  in  order  to  allow  the  excess  of  pas  to  escape 
and  then  iminediately  dosed  Then,  to  mako  mře  that  the  burette 
contains  exactly  100  c.c.  of  the  gas,  the  lower  pínch-cock  is  opencd 
and  afterbringing  the  water  in  the  levellíng-tube  to  the  samé  height 
as  in  the  burette,  the  reading  is  taken;  the  lowest  point  of  the 
meniscus  should  coincide  exactly  with  the  10O-c.e.  mark  of  the 
burette.     Finally  the  lower  pinch-cock  is  closed. 

i.  Determination  of  Carbon  Dioxide. 

The  burette  is  connected  with  a  pipette  containing  raustic 
potash  sólu tion  by  meansof  a  capillary  filleil  with  water,  as  shown 
in  Fig.  87,  the  levelling-tube  is  našed,  first  the  lower  pinch-cock 
and  then  the  upper  one  *  is  opened  and  the  gas  is  dríven  nver  into 
the  pípette,  The  confming  liquid  should  now  fill  the  entire  eapil- 
lan*.  The  upper  phich-rook  is  closed,  the  pípette  taken  up  and 
shaken  for  three  minut  es.  f  and  the  gas  is  retu  med  to  the  burette, 
taking  eare  that  none  of  the  alkali  enters  with  [fc, 

The  liquid  in  the  levelling-tube  is  brought  to  the  samé  level 
as  that  in  the  burette;  the  lower  pínch-COck  is  closed  and  after 
the  water  has  completely  drainod  fmm  the  sides  of  the  tube,  the 
volume  of  the  unabsorhed  gaa  U  read. 

2.  Detenmnation  of  the  Heavy  Hydrocarbons. 

The  burette  is  eonnected  by  means  of  a  dry,  empty  capillary 
with  the  sulplmric  acid  pipet  te  (Fig.  90)  and  the  gas  is  passed  ba»k 
and  forth  foiir  tímm,  taking  care  that  no  water  enters  the  pipette 
and  that  the  sulphuric  acid  does  not  reach  the  rubber  connection. 

*  ln  the  figuře  thís  pinrh-rork  is  luckini: 

f  Thc  absorptinn  ťakea  plaot  tSOTB  rapully  with  one  of  Hempi'al\s  mw 
pipettes,  which  is  sumtar  U*  fhi  oni  shmvn  i  a  Fig,  90,  except  that  the  right- 
hutiú  bulh  is  ropfooed  by  a  nurvable  lertfling^bulb,  as  in  Fig.  83.  Tfíc  Utter 
is  filled  whh  uwmiij,  npon  whirh  the  tSqoid  abaorbtiot  Auta.  For  thft 
alisorptioa  of  G0j,  it  fa  ordy  necessary  to  pass  thc  gas  hack  and  forth  unce. 
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Before  the  experiment  the  position  of  the  sulphuric  acid  is 
marked  upon  the  milk-glass  plate  back  pf  the  pipette  and  at  the 
end  of  the  experiment  the  acid  must  come  to  the  samé  mark.  The 
gas  in  the  burette  is  now  contaminated  with  acid  vapora  which 


Fiq.  90.  Fiq  91. 

are  removed  by  passing  it  into  the  potash  pipette    afterwards 
returning  it  to  the  burette. 


3.  Determination  of  Oxygen. 

This  can  be  effected  by  shaking  the  gas  in  the  compound  pipette 
with  alkaline  pyrogallol  solution,  but  far  preferably  by  means  of 
phosphorus.  In  the  latter  čase,  the  gas  is  driven  over  into  the 
phosphorus  pipette  and  allowed  to  remain  there  until  the  white 
vapors  disappear;  this  usually  requires  but  three  oř  four  minutes 
(cf.  p.  573).  If  no  white  vapors  can  be  detected,  this  shows  con- 
clusively  that  the  absorption  of  the  heavy  hydrocarbons  was 
incomplete  (cf.  p.  574).  In  such  a  čase,  the  gas  must  be  again 
treated  with  sulphuric  acid  and  afterwards  with  phosphorus. 
If  no  white  fumes  are  then  formed,  no  oxygen  is  present,  a  čase 
which  practically  nevěr  occurs,  for  in  the  determination  of 
the  hydrocarbons  a  little  air  containing  oxygen  always  reaches 
the  gas  from  the  small  capillary. 
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4.  Determination  of  Carbon  Monoxide. 

The  gas  is  shaken  three  mimi  tes  with  au  old  solutkm  of 
ammoniacal  cuprous  chloride  and  theii  the  aame  length  of  time 
with  a  fresh  solution. 


5*  Determination  of  Hydrogen  and  Methane, 

After  the  ibeoiptlOO  of  the  carbon  monnxide  the  iv-idual  gas  is 
plaoed  in  the  bydrochloric   aeid   pipette;  while  the  burett* 
washed  out  with  hydrochloric  ar-id  111  order  to  rentové  tmre 
alkali,  and  then  filled  with  distilled  water. 

About  15  to  lf>  CtC,  of  the  gae  in  the  hydrochloric  aeid  pipette 
are  trausferred  to  the  burette,  and  after  reading  its  volume  H 
dři  ven  over  into  au  explosinn  pipette  containiug  inereury  (Fig.  83), 
100  co,  of  air  (containíng  20,9  c»e.  of  oxygen)  are  aecurately  nteas- 
ured  oři  in  the  burette  and  addod  to  the  oo&tentfl  of  the  expiosion 
pipette.  The  latter  is  then  r-losed  by  means  of  a  piurh-rock, 
the  contents  oí  the  pipette  are  caixed  by  shaking,  the  tevefling* 
tube  is  knvered  so  that  the  gas  is  placed  tmder  reduced  pressure, 
and  the  glass  etop^eodk  of  the  pipette  is  dosed.  The  ptatinum 
wrires  wThich  are  fused  in  the  upper  part  of  the  bull)  are  now  cnn- 
nected  with  the  poles  of  a  sinali  induetion  coil  so  that  sparks  p 
between  the  platinum  points  within  the  pipette,  The  exploeion 
at  oiice  oceurs  with  a  flash  without  ever  breaking  the  pipette. 
The  gas  is  retumed  to  the  burette.  It  would  Beem  nátura!  to 
read  the  volume  of  the  gas  and  then  determine  the  amount  ol 
carbon  diuxide  fomied,  the  latter  being  1  meaaure  of  the  amount 
of  methane  burned.  This  ia  not  advisable,  however,  beca 
the  gas  in  the  burette  is  oonfined  over  water  which  abaorbe  ap- 
preeíablc  quantities  of  carbon  dioxide.  Consequently  witlmut 
leading  the  volume  of  the  gae,  it  is  transfereed  to  the  potaah  pipette, 
the  carbon  dioxide removed,  and  the  volume  ol  the  gaa  then  read; 
this  gives  the  contrartion  Yc.  Finullv,  the  ainount  of  unused 
OXygen  is  detenninetl  by  means  of  absorption  with  phosphonia. 
If  the  excess  of  oxygen  is  subtractod  fmm  the  tutal  amount  addod 

(20.9  c,c*)j  the  amount  of  oxygen  required  for  the  combuation 

1     letemiincd  (V0),  st>  that  \ve  háve  two  oquations  from  whieh  the 
amount  of  hydrogen  and  met  I  ume  eaa  be  eomputed. 
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If  we  represent  by  x  the  volume  of  the  hydrogen,  and  by  y  the 
volume  of  the  methane  we  háve 

1.  Vc=lx+3y, 

2.  V0=ix+2y, 

and  f  rom  these  equations  we  find 

x=$Vc-2V0, 
y=Vo-Wc 

The  values  thus  obtained  are  referred  to  the  total  gas  residue 
and  in  this  way  the  amount  of  hydrogen  and  methane  present 
in  the  illuminating  gas  is  determined. 

Great  accuracy  is  naturally  not  to  be  expected  by  such  au 
analysis,  but  the  proceduře  is  very  satisfactory  for  an  approxi- 
mate  estimation.  In  order  to  illustrate  this  point,  the  results  of 
analyses  made  by  two  different  students  in  the  authoťs  labora- 
tory  at  the  samé  time  will  be  given. 

Analysis  of  Zurích  Illiiminating-gas  by  Hempel'8 
Technical  Method. 

i.  n. 

Gas  taken 100  c.c.  100  0.0. 

->1.8%CO,  ->1.8%  CO, 

Af ter  removal  of  CO, 98.2  98.2 

—3 . 6%  dHw  —3 . 6%dH» 

"  "        "  CnHw  ...     94.6  94.6 

->0.6%  O  ->0.6%  O 

"  "        "  O 94.0  94.0 

->8.6%  CO  -*8.8%  CO 

"  "        "CO 85.4  85.2 

For  the  H  and  CH«  deter- 
mination   were  taken   of 

gas 16.0  15.6 

-fair 116.0  115.6 

-+30.0-V*  ->29.8-F<, 

After  the  explosion. 86.0  85.8 

—»5 . 2  excess  oxygen  — »5. 6  excess 

oxygen 
"     removal  of  excess  of  O    80 . 8  80 . 2 

V0=  20.9-5. 2=  15.7.  F0-  20.9-5. 6- 15.3. 
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If  the  values  of  Vc  and  V  o  are  inserted  in  the    above   equutions,  we 
bavě: 


Hydrogen   ;=8.6 
Methane      #=-5.7 


and  in  per  cent: 


ar- 45. 9%  H 
y=30,42%  r||( 


y-5.4 


x=49.7%  H 
í/-29.5%  CH# 


HITMMAKY    OF   THE   TWO    ANALTSES. 


t 

][. 

DifTřretioe. 

CflHrfU 

1.8 

1.8 

0.0 

3,6 

3,6 

0,0 

0 

0.6 

0.6 

O.n 

co 

S    íi 

8.8 

0.2 

H 

4.V9 

4Í>  7 

|  B 

CH, 

:ío  i 

29  5 

0  9 

N 

9.1 

M 

3.1 

From  the  resulte  obtained,  it  ta  obvious  that  in  eaeh  čase  the 
values  obtained  by  absorption  agree  dosely;  on  the  other  hand, 
the  two  deterniinatinns  of  hydrogen  diJTer  by  almost  4  per  cent. 
while  that  of  methane  sborní  a  divergence  of  nearly  1  per  cent. 

It  is  possible  to  obtain  a  mnch  closer  agreement  than  the 
above  in  the  determination  of  hydrogen  and  methane,  but  the 
anály  sis  is  inaceuratc  on  account  of  the  fact  that  only  one-fifth 
of  the  residual  gas  is  taken  for  the  explosion;  thus  every  error 
is  nuiltiplied  five  times.  Flirt lurniure,  it  is  not  certain  that  the 
combusťton  takés  pláce  quantitatively.  If  the  gas  is  under 
greatly-tliminished  pressure,  the  combnstion  is  nevěr  comptete; 
on  the  other  hand,  some  nitrogen  is  nxidized  if  the  gas  is  nndrr 
tOO  great  pressure.  Better  results  are  obtained  by  buniing  the 
whole  of  the  residual  gas  with  oxygen,  eilher  by  the  met  hod  of 
Drehschmidt  or  that  of  Winkler-Dennis.*  In  the  latter  čase  the 
gas  residue  is  placed  in  a  Hena  pel  pipet  te  filletl  with  mercury  and 
connected  with  a  levelling-bulb,  Through  the  nibber  stoppor  at 
the  bottom  (Fig.  92)  two  stecl  needles  are  inserted  (erorhet 
needles),  the  longer  of  which  is  enveloped  throughout  its  whole 

♦  ZeiUchr.  fiir  anorg.  Chero..  XIX  (1909),  p.  179. 
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length  by  a  glass  tube,  and  the  upper  end  is  connected,  at  about 
three-quarters  the  height  of  the  cylindrical  part  of  the  pipette, 
with  a  thin  platinuin  spirál. 

100  c.c.  of  oxygen  are  now  measured  off  into  a  cooled  Hempel 
burette  containing  mercury,  and  the  two  steel  needles  of  the  pipette 


Fig.  92. 

are  connected  with  a  small  storage  battery  of  such  a  strength  that 
the  platinum  spirál  is  heated  to  dark  redness;  the  oxygen  is  then 
slowly  led  into  the  pipette.  Since  at  the  start  a  large  excess  of 
the  gas  residue  is  present,  the  combustion  takés  pláce  quietly; 
explosions  nevěr  oceur. 


Orsaťs  Apparatus. 

For  the  analysis  of  flue  gases,  Orsat  has  constructed  the  appa- 
ratus shown  in  Fig.  93.  It  consists  of  the  100  c.c.  measuring-tube 
B  surrounded  by  a  cylinder  containing  water,  and  connected  on 
the  one  hand  with  the  three  Orsat  tubes  by  means  of  the  cocks  /, 
//,  and  ///,  and  on  the  other  hand  with  the  outer  air  through  the 
stop-cock  h.  The  Orsat  tube  ///  contains  caustic  potash,  //  alka- 
line  pyrogallol  solution,  and  /  ammoniacal  cuprous  chloride  solution. 

Manipulation. — By  raising  the  lcvelling-bottle ,  N  and  open- 
ing  the  stop-cock  h,  the  measuring-tube  B  is  filled  with  water. 
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As  soon  as  the  water  ii  above  the  mark  in  the  widenecl  part  of 
the  measuring-tube,  the  rubbep  tubing  betweeo  the  leralling-bottfa 
and  the  meast  trhni- tube  ífl  elosed  by  ineaiis  of  :i  pineh-mek,  a  is 
conneeted  with  the  souree  of  the  gas,  and  the  ^as  is  sueked  int*» 
the  rneasuring-tubu  by  loweríng  the  teveUÍQg*4x>ttie  and  opening 


the  pinch-rock.  The  D  tubo  on  the  mitside  of  the  apparatu 
fillotl  with  plass-wnnl  and  serveš  ;«-  a  hlter;  :mv  smoke  bebg 
renioved  frnm  the  cas  to  be  exanrined.  The  sample  thns  oot- 
lected  is  naturally  cnntaminated  with  the  air  ffOttJ  the  ruhhrr 
tubing,  the  D  tube,  and  the  capUlory,  whieh  musf  bc  ramoved.  The 
eoek  h  serveš  f«>r  this  purpoee  rad  is  pfóvided  with  a  T  bofl 
The  eoek  fa  fcuraed  s<>  that  the  buivtte  oomznunieatai  with  the 
outer  air  through  a  sinali  tube  (not  ahown  in  the  illustration)  B 
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the  gas  is  expelled  by  raising  the  bottle  N.  This  process  of 
filling  and  emptying  is  repeated  three  times,  and  the  fourth  fílling 
of  the  tube  B  is  taken  for  the  analysis.  The  gas  in  the  burette  is 
brought  to  the  0  mark,  and  it  is  placed  under  atmospheric  pres- 
sure by  quickly  opening  and  then  closing  h.  After  this  the  gas 
is  driven  over  into  the  potash-bulb  and  back  again  to  the  meas- 
uring-tube  several  times,  until  there  is  no  further  absorption,  after 
which  the  volume  of  the  gas  is  again  read.  In  the  samé  way 
the  gas  is  successively  passed  into  the  pyrogallol  and  the  cuprous 
chloride  tubes,  thus  obtaining  the  amount  of  COa,  O,  and  CO  in 
the  gas. 

Bunte's  Apparatus. 

This  apparatus,  shown  in  Fig.  94,  differs  from  those  previously 
described,  inasmuch  as  the  absorption  takés  pláce  in  the  measuring 
vessel  itself,  whereas  in  the  other  cases  the  absorption  takés  pláce 
in  the  pipettes. 

The  Bunte  burette  has  a  capacityof  about  110  to  115  c.c. 
between  a  and  b;  a  isa  three-way  cock,  while  b  is  bored  only  once. 

Manipulation. — The  burette  is  connected  with  the  levelling- 
bottle  N,  as  shown  in  the  illustration,  a  and  b  are  opened,  and  the 
water  is  allowed  to  run  up  to  the  mark  in  the  funnel  above  a. 
The  key  of  the  stop-cock  a  is  connected  with  the  source  of 
the  gas,  N  is  lowered,  a  turned  to  the  proper  position,  and 
the  gas  is  sucked  into  the  burette.  After  about  101  to 
103  c.c.  of  the  gas  háve  entered  the  burette,  a  and  b  are 
closed,  N  is  raised,  and  by  opening  b  the  gas  in  the  burette  is 
compressed  until  the  confining  Hquid  has  exactly  reached  the 
zem  mark.  The  cock  a  is  now  cautiously  opened,  when  some  of 
the  gas  in  the  burette  will  escape  through  the  water  in  the  funnel. 
The  gas  in  the  burette  is  now  under  a  pressure  equal  to  that  of  the 
atmosphere  plus  the  pressure  from  the  column  of  water  in  the 
funnel,  and  all  subsequent  measurements  are  taken  under  the 
samé  conditions. 

Absorptions. — In  order  to  introduce  the  different  absorbents 
into  the  burette,  its  lower  end  is  connected  by  means  of  the  rub- 
ber  tubing  h  with  the  bottle  F  containing  a  little  water,  the  water 
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having  been  blown  tip  into  the  rubber  tubing,  The  cock  b  is 
opened,  as  is  the  screw-cork  at  h,  and 
the  water  in  the  burette  ia  allowed  to 
run  out  until  it  exactly  reaches  the  cock 
b,  which  is  then  closed.  The  absorbent 
ífl  placed  in  a  small  dish,  the  lower 
tip  of  the  burette  ia  introduced  into  the 
liquid,  and  the  cock  b  is  opened.  Inas- 
rnuch  as  the  gas  in  the  burette  is  under 
less  than  atmošphcric  pressure,  the  ab- 
sorbent is  sueked  up  into  the  burette. 
The  coek  b  is  now  closed,  the  burette 
grasped  above  o  and  Ulow  b  (in  order 
not  to  warni  the  gas),  and  its  euntents 
well  shaken,  after  which  the  burette  is 
in  dipped  into  the  absorbent  in  the 
dtóh  and  a  little  more  of  the  latter 
drawn  up  into  the  burette.  This  process 
Ls  repcated  until  no  more  of  the  ab- 
sorbent is  sueked  up  hito  the  burette, 
[r  vrould  now  be  incorrect  to  read  the 
volume  of  the  uuabsorbed  gas,  for  it 
is  under  quite  a  different  p&enuVB  than 
at  the  beginning  of  the  aualvsis;  námely, 

the  atmospheric  prossure  less  the  pn-snre  of  the  column  of 
liquid  remaining  in  the  burette  with  the  cock  b  open.  Further- 
more  the  vapor  tension  of  the  liquid  in  the  burette  is  different 
from  that  of  the  water  origiually  present.  In  order  to  obtaiu 
the  originál  conditions,  the  burette  is  eotmected  with  the 
bottle  F,  whieh  now  only  coníains  enough  water  to  fill  the 
ruhher  tubing  and  the  glass  tube,  and  the  absorbent  is  suekfld 
from  the  burette  into  thr  boule  until  the  upper  level  of  the 
liquid  rettCheí  Ihr  Oodc  M  Xhe  end  of  the  burette  ia  thon 
dipped  into  a  dish  containing  water,  which  rises  into  the  burette 
on  opening  b.  The  latter  i-  lloeed  and  water  is  allowed  to  run 
IHto   the   burette  from    the  funnel   until   the  originál   proooure    is 

♦The  absorbent  is  now  by  no  mentia  exttuuBted,  so  lhát  it  is  returned 
to  the  proper  bottie,  and  can  be  ušed  for  several  other  detenninations. 


Fíg.  94. 
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established,  when  the  volume  of  the  gas  is  once  more  read.    The 
difference  gives  at  once  the  per  cent.  of  absorbed  gas. 

By  means  of  this  excellent  method  the  carbon  dioxide  can  be 
removed  by  caustic  potash,  heavy  hydrocarbons  by  bromine 
water,  oxygen  by  alkaline  pyrogallol  solution,  and  carbon 
monoxide  by  cuprous  chloride. 

AllALYSIS    OF    GASES    WHICH   ARE    ABSORBED    CONSIDBRABLY 

BY  WATER. 

Under  this  heading  belong 

N20,  S02,  H2S,  a  SiF4,  HF,  NHS,  etc. 

Nitrous  Oxide,  N20.    Mol.  Wt.  44.08. 

44.08  gms.  N20  occupy  a  volume  of  22.391  liters  under  standard 
conditions. 

This  gas  is  best  prepared  according  to  the  method  of  Victor 
Meyer,  by  allowing  sodium  nitrite  to  act  upon  a  concentrated  solu- 
tion of  a  salt  of  hydroxylamine: 

NH2OH .  HC1+ NaN02 = NaCl + 2H20 + N20. 

It  is  best  to  proceed  as  follows: 

A  concentrated,  aqueous  solution  of  sodium  nitrite  is  added 
drop  by  drop  from  a  separatory  funnel,  with  constant  cooling, 
to  a  concentrated  solution  of  hydroxylamine  hydrochloride,  which 
is  contained  in  a  small  evolution  flask;  in  this  way  the  gas 
evolved  is  pure  and  escapes  in  a  regular  stream.  It  is  not  advis- 
able  to  proceed  in  the  opposite  way,  námely,  to  add  the  hydroxyl- 
amine solution  to  a  concentrated  nitrite  solution,  for  in  the  latter 
čase  the  decomposition  is  likely  to  také  pláce  with  explosive  vio- 
lence;  it  is  still  less  advisable  to  add  one  of  the  reagents  in  the 
solid  form.  In  a  very  dilute  condition  the  solutions  scarcely  act 
upon  one  another. 

Nitrous  oxide  is  nevěr  pure  when  it  is  prepared  by  heating 
ammonium  nitráte;   it  is  always  contaminated  with  nitrogen  and 
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nitric  oxide,  but  the  latter  may  be  removed  by  washing  the  gas 
with  a  solution  of  ferrous  sulphale. 

Aecording  to  L.  Pollak  the  solubility  of  nitrous  oxide  between 
0°  aad  22°  C.  is  expressed  by  the  formula 

a  » 1.13719 -0.042265  ^  +  0.000610-^ 

while  aecording  to  Bunsen  its  soiubilty  is  greater,  being  expressed 
by  the  formula 

a  =  1 .3052  -  0.045362  -  i + 0.0006843  -  f. 

The  gas  is  absorbed  to  a  much  greater  extent  by  aleohol  than 
by  water.  Aecording  to  Pollak,  the  absorption  coefficient  for 
aleohol  is 

a=3.228G^-0.04915-*+0.00023-íJl 

wnile  aecording  to  Bunsen  it  is  somewhat  greater: 

a-4.l7Síi5-0.069816-ť+0.000809-f. 

The  determination  of  nitrous  oxide  can  be  elYceted  with  aceu- 
racy  by  combustion,  and  this  may  be  carried  out  in  tvvo  different 
wa\ 

1.  Aecording  to  Bunsen.  by  explnding  with  hydrogen,  oř  aecord- 
ing  to  Knorre,  by  tne&Dfl  of  the  Drehsclmiidt  capillary.  The  con- 
truetion  produced  is  equal  to  the  originál  volume  of  the  nitrous 
oxide: 

N,0     +     H,     =     HaO     +     Nr 

2  v.ilr*.  2  vola.  0  voL  2  vob. 

taeording  to  Pollak,  by  combustion  with  pure  carhon 
monoxide,  either  by  explosion  oř  with  the  help  of  the  Drehsrhmidt 
capiDaiy;  the  volume  of  the  CO,  formed,  which  is  measured,  is 
equal  to  the  volume  of  the  nitrous  oxide: 


N20     +     CO     -     CO,    +     N. 

2  v««N.  2  vola,  2  volu,  2  ve 

There  is  no  contraction  in  this  čase. 
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Nitric  Oxide,  NO.    Mol.  Wt.  30.04. 

30.04  gms.  NO  occupy  a  volume  of  22.391  litera  under  stand- 
ard conditions. 

Although  nitric  oxide  is  practically  insoluble  in  water,  its 
determination  will  be  discussed  at  this  pláce  because  this  gas 
frequently  occurs  with  nitrous  oxide,  and  must  therefore  be  de- 
termined  at  the  samé  time. 

Nitric  oxide  may  be  determined  by  absorption*  with  a  con- 
centrated  solution  of  ferrous  sulphate  oř  an  acid  solution  of  potas- 
8Íum  permangante,  oř,  better  still,  according  to  Knorre  and  Arndt,f 
by  mixing  the  gas  with  hydrogen  and  slowly  passing  the  mixture 
through  a  Drehschmidťs  platinum  capillary  heated  to  bright 
redness.  Under  these  conditions  the  nitric  oxide  is  quantitatively 
burned  according  to  the  equation 


2NO 

+     2H2     = 

=     2H,0 

+     N2. 

4  VOl8. 

4  vola. 

Ovol. 

2vols, 

The  contraction  produced  by  the  combustion  of  one  volume 
of  nitric  oxide  is  equal,  therefore,  to  $  the  originál  volume  of  the  gas. 

Remark. — If  the  gas  mixture  is  passed  too  quickly  through 
a  platinum  capillary  heated  to  bright  redness,  oř  slowly  through 
a  less  strongly  heated  platinum  capillary,  an  appreciable  amount 
of  ammonia  is  formed  and  the  results  obtained  are  inaccurate. 

By  explosion  with  hydrogen  it  is  not  possible  to  burn  NO 
when  it  is  pure;  when  it  is  mixed  with  considerable  nitrous  oxide, 
violent  explosions  také  pláce,  yet  the  combustion  of  the  NO  is 
even  then  not  quantitative. 

The  gas  may  be  determined,  however,  by  combustion  with 
carbon  monoxide  in  the  Drehschmidt  capillary. 

According  to  Henry  a  mixture  of  carbon  monoxide  and  nitric 
oxide  is  not  explosive.  On  the  other  hand,  according  to  Pollak, 
by  conducting  a  mixture  of  these  gases  through  a  Drehschmidt 

*  According  to  Divers,  nitric  oxide  may  be  absorbed  by  an  alkaline  solu- 
tion oř  sodium  sulphite  (20  gms.  Na2S03  +  2  gms.  KOH  in  100  c.c.  HaO). 
Joum.  Science  Coll.  Imp.  University,  Tokio,  Vol.  XI  (1893),  p.  11. 

t  Berichte,  XXI  (1899),  p.  2136. 
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platinum  capillary  heated  to  bright  redness,  the  combustion  is 
quatititative  if  at  the  samé  time  the  carbon  dioxide  formel  Is 
removed  by  means  of  caustic  potassh;*  othenvise  the  oxidation 
is  not  quantitative.     According  to  the  equation 


2NO  +  2CO  =  2CO,  +  Na 

4  volu.       4  vola.         0  voL      2  vols. 


the  contraction  produced  is  equal  to  $  the  volume  of  the  nitric 
oxide. 

fíemark. — If  considerable  nitrous  oxide  is  present  at  the  samé 
time,  the  combustion  in  the  Drehnchmidi  capillary  takés  pláce 
quanthatively  without  the  removal  of  the  carbon  dioxide.  In 
this  čase  the  contraction  is  £  the  volume  of  the  nitric  oxide. 

According  to  Oppenheimer,t  nitric  oxide  is  reduced  to  nitrous 
oxide  by  means  of  alkaline  pyrogallol  Bohltioa, 

Analysis  of  a  Mixture  of  Nitrous  and  Nitric  Oxides. 

L  Combustion  with  Hydrogcn. 

The  gas  is  mixed  with  an  excess  of  hydrogen  and  oxidized 
according  to  Knorre  in  the  Drehschmidt  platinum  capillary  heated 
to  bright  redness.  If  the  volume  of  the  NjO  — x  and  that  of  the 
HO^yf  we  háve: 

N30.    NO. 

1.  %  +     y  *  V 

2.  x  +  \y  =*  Ve  (contraction) 

from  which  can  be  calculated: 

y=2(Vc-Y). 


*  The  mercury  in  the  DrelischmiUt  tube  m  covered  with  cauatte  potaah 
aolution,  by  which  meana  the  CO,  ia  abaorbed  ímmediately  after  its  for- 
matioa. 

t  Bcrichte,  36  (1903),  p.  1714 
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II.  Combustion  with  Carbon  Monoxide. 

The  gas  mixture  is  treated  with  an  excess  of  carbon  monoxide 
and  burned  in  the  red-hot  platinum  capillary;  the  contraction, 
Ve,  and  the  carbon  monoxide,  V*,  are  both  determined; 

N20.    NO. 
x  +     y  =  Vk 
*y  -  Ve 


from  which  we  can  compute: 


s=V*-2Fc 
y=2Ve. 


Determination  of  Nitrous  Oxide,  Nitric  Oxide,  and  Nitrogen  in 
the  Presence  of  One  Another. 

I.  By  Combustion  with  Hydrogen  in  a  Drehschmidt  Capillary. 

After  noting  the  contraction  formed  by  the  combustion  with 
hydrogen,  an  excess  of  oxygen  is  added  to  the  gas  residue  and  the 
mixture  is  burned  in  the  Drehschmidt  capillary;  two-thirds  of  the 
contraction  which  now  takés  pláce  is  equal  to  the  amount  of  unused 
hydrogen  in  the  first  oxidation.  If  this  quantity  is  deducted 
from  the  amount  of  hydrogen  originally  added,  the  difference,  Vm, 
represents  the  amount  of  hydrogen  necessary. 

We  háve  now; 

N20.    NO.     N. 

1.  x  +     y  +  z  =■  V 

2.  x  +  íy  =  V< 

3.  x  +     y  -  V* 


e 


from  which  we  can  compute 


x=Ww-2VQ 

y=2(V-Vw) 

z=V-Vw. 
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II.  By  Combustion  tcith  Carbon  Monoxide  in  the  Dnkschmidi 

Uapiliartf. 
We  háve: 

N3G.    NO.     N. 
x  +     y  +  z=V 

by  =  P«  (contraction) 

x  +  y      -ncco), 

f rom  whfch  it  f ollows : 

z=Vk~2V* 

V=2VC 

z=V-Vk. 


Determination  of  Nitrous  Oxide,  Nitric  Oxide,  and  ffitrogen  in 
tne  Presence  of  Carbon  Dioxide. 

The  accurate  determination  of  nitrous  oxide  in  the  presence 
of  carbon  dioxide  offers  certain  difficulties.  It  is  not  potribk 
to  de  termíne  the  former  by  combustion  with  hydrogen  in  the 
Drehschmidt  capillary,  because  when  the  carbon  dioxide  is  present 
it  takés  part  to  sonie  extent  in  the  combustion, 

COa+H.-HjO  +  CO, 

and  the  previous  absorption  of  the  carbon  dioxide  by  means  of  a 
large  quantity  of  caustic  potash  is  equally  unsatisfactory,  because 
a  considerablc  amount  of  nitrous  oxide  will  be  absorbed  by  the 
reagent.  The  oni  v  way  which  can  be  reconnnended  to  cíT<  rí 
this  deternúnation  consists  in  absorhing  the  carbon  dioxide  by 
means  of  the  sinallest  possible  quantity  of  caustic  piitash,  in  which 
casc  the  error  introduced  by  the  ábeogptioa  of  the  nitrous  oxide 
is  reduced  to  a  minimum ;  the  residual  gas  is  examined  as  deserihed 
above. 

Analysis  of  Gases  by  Titration  of    the  Absorbed   Constituents. 

If  a  mixture  of  gases  containi  several  constituents,  of  which 
two  are  removed  by  the  samé  absorbent,  and  one  of  these  can 
be  determined  by  titration,  it  is  a  matter  of  no  difneulty  to 
detemiinr  the  amount  of  eaeh.  The  diminutkm  in  volume  after 
treatment  with  the  absorbent  represents  the  amount  of  the  two 
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constituents,  the  titration  value  represents  the  amount  of  one  of 
them,  and  the  difference  shows  the  amount  of  the  other.  Such 
problems  can  be  solved  in  a  variety  of  ways,  and  only  a  few 
examples  will  be  mentioned. 

1.  Determination  of  Carbon  Dioxide  in  Electrolytic  Chlorine. 

The  author  has  ušed  the  apparatus  shown  in  Fig.  95.with  the 
best  success  for  this  purpose. 

The  absolutely  dry  eudiometer,  B,  the 
capacity  of  which  between  the  two  stop-cocks 
is  accurately  known,  and  for  convenience 
may  be  100  c.c,  is  filled  by  passing  the  gas 
through  the  lower  cock  after  it  has  been 
dried  by  passing  through  a  long  calcium 
chloride  tube.*  After  five  oř  ten  minutes 
it  is  safe  to  assume  that  the  air  has  been 
§■  I  completely  replaced  by  the  gas.    The  lower 

J  ivU  three-way  cock  is  now  closed  and  then  the 

upper  one.  The  temperature  and  baro- 
metric  pressure  are  both  noted  at  this 
point. 

The  tip  of  the  burette  is  connected 
by  rubber  tubing  with  a  reservoir  contain- 
ing  a  5  per  cent.  solution  of  pure  caustic 
soda,  and  the  three-way  cock  is  turned 
to  the  position  shown  in  the  figuře.  As 
soon  as  the  alkali  solution  begins  to  flow 
from  the  stop-cock,  the  latter  is  closed.  In 
this  way  it  is  certain  that  there  is  no  air  present  in  the  rubber 
tubing  or  in  the  tip  of  the  burette. 

The  reservoir  N  is  now  raised  and  the  lower  stop-cock  opened, 
whereby  a  small  amount  of  the  alkali  is  driven  up  into  the  burette. 
The  cock  is  closed  and  by  suitably  inclining  the  burette,  its  walls 


Fig.  95. 


*  If  the  burette  and  gas  are  not  perfectly  dry,  some  chlorine  will  be  ab- 
sorbed  by  the  water.  This  will  not  affect  the  gas  reading,  but  will  be  harnv 
ful  in  the  subsequent  titration. 
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are  thoroughly  wet  with  the  solution  so  that  the  chlorine  and 
carbon  dioxide  bi  the  gas  mixture  are  quickly  absorbed.  By  open- 
ing  the  lower  stop-coek  again,  mofe  of  the  alkali  is  sucked  up  and 
this  process  is  repeated  until  the  absorpticni  i.s  com plete,  wheD 
the  liquid  in  the  burette  and  that  in  lbe  ivsi-rvoir  are  brought 
to  the  samé  level  and  the  volume  of  the  gas  read.  By  deducting 
the  unabsorbed  gas  from  the  originál  amonní,  the  volume  of  tlu 
chlorine-fthat  of  the  carbon  dioxide  is  obtained.* 

For  the  chlorine  determination,  the  funnel  on  the  top  of  the 
burette  is  first  washed  out  with  water  in  order  to  remove  smail 
amounts  of  chlorine  (which  may  be  present  from  the  passing  of 
the  originál  gas  through  it).  then,  with  the  lower  stop-cock  closed, 
the  whole  of  the  contents  of  N  are  transferred  to  a  beaker,  at  last 
turning  the  three-way  cock,  as  shown  in  the  figuře,  so  that  any 
alkali  remaining  iq  the  rubber  tuhing  can  nin  out.  The  tubhu:  ifl 
now  removed  from  the  burette  aml  N  is  washed  out  with  distilled 
water,  the  latter  passing  through  the  rubber  tubing  into  the  dtth, 
finally  adding  the  contents  of  the  burette  to  the  solution  and  wash- 
ing  out  the  burette  with  water,  added  through  the  funnel. 

The  absorption  of  the  chlorine  by  means  of  5  per  cent.  alkali 
takés  pláce  according  to  the  folio  wing  equation: 

2NaOH  +  2C1  =  NaOCl+  NaCl  +  H,0. 

The  oxygen  of  the  NaOCl,  which  is  equivalent  to  the  amount 

N 
of  chlorine  absorbed,  is  determined  by  titration  with  —  arsenious 

acid  as  follows: 

The  solution  is  treated  with  100  c.c.  of  —  arsenious  acidit  & 

few  drops  of  phenolphthaleín  are  added,  the  solution  is  treated 
with  hydroehloric  acid  until  the  red  color  just  disappears,  a  little 


*  There  is  a  slight  error  ititroduced  by  deducting  the  volume  of  thts  muist 
residual  gas  from  the  originál  volume  of  dry  gas.  The  gas  residue,  however, 
is  usually  so  small  that  the  error  iss  neglígible. 

N 

1 100  c.c.  ^  AsjO,— 111.95  cx.  Cl  at  0°  and  760  raní.;   as  the  gas  waa 

measured  at  a  higher  tcmperature,  this  uiummt  of  arsenious  avid  is  in 
even  if  the  gas  is  all  chlorine. 
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starch  solution  is  added,  and  the  excess  of  the  arsenious  acid  id 


titrated  with  -j—  i  od  i  ne  .solution. 


N 


If  the  number  of  cubic  centimeters  of  —  iodine  solution  ušed 

be  deducted  fmni  100,  and  this  differencc  nmltiphed  by  1.1195,  the 
product  gives  the  volume  of  the  absorbcd  ehlorine  measured  dry 
at  0°  C.  and  700  nim.  pressiirc,  but  this  volume  miist  be  rcdi; 
to  the  conditions  under  which  the  originál  gas  wafl  measured. 

If  the  volume  of  ehlorine  thus  found  be  deducted  f rom  the  total 
amount  of  gas  abeorbed  by  the  caustic  soda,  the  dífference  gives 
the  amount  of  rarbon  dioxide, 

E&imple. — The  volume  of  the  burette  ušed  for  the  analysls 
was  found  to  be  101.2  «.e.  by  weighing  the  ainount  of  mereury 
which  it  would  contahx 

Amount  of  gas  taken  for  the  analysts. 101.2  0.C, 

"  remaining  after  the  absnrption  of  Cl+002.       0.4    " 

Amount  of  C1  +  CG3  is  therefore 100.8  c.c, 

The  teinperature  was  17.5°  C.  and  the  barorneter  reading  waa 
715  nim. 

For  the  titration  of  the  chlorine,  78.6  c.c.  —  Asj03  solution  were 

ušed,  corresponduig  to 

78.6X1.1195  =  88,0  c.c.  Cl  at  0°  C.  and  760  rhmÉJ 
09,5  c.c.  Cl  at  17,5°  C.  and  715  mm 

But  101.2  e.e.  of  the  gai  oontained 100.8  c.c.  Cl-hCOa 

Deducting  the  amount  of  Cl 99.5   " 

There  remaiu 1.3  c.c.  CO, 

Conseqiiently  the  gas  eonsists  of 
Cl  -  99. .5 


oř 


Residue  =     0.4 


=      1.3    >  and  in  per  cent. 


Cl  -  98.3 

I X  r        -     1.3 
Residue»     0,4 


101.2 


Examination   of  so&aorM  Oas  /řmdwe.— Usually   the 

residual  gíis  is  too  small  in  amount   (as  in  the  above  čase)  to 
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examine  quantitatively,  so  that  for  this  part  of  the  analysis  a 
larger  sample  of  the  gas  is  taken.  The  author  has  ušed  the 
apparatus  ehown  in  Fig.  96  for  this  purpose  with  good  results. 


rte.  oa 

The  thick-walled  filter-bottle  A  has  a  capacity  of  abotit  1.5  litera. 
It  oontainfi  about  500  c.c.  of  strong  caustic  potash  solution  and 
the  absorption-tube  with  stop-coek  //  is  fastened  air-tight  within  it. 
Máni  puhi  ion. — First  of  atl,  the  absorption-tnbe  is  entirely 
filletl  with  the  caustic  potash  solution  by  BUCtioO  through  //.  fiually 
dofiing  the  latter.  The  patent  oock  is  then  tumed  to  the  position 
//,  and  by  suction  through  t!ie  left  side-arm,  the  glass  tube 
■  filled  with  the  alkali  np  to  the  rock.  The  latter  is  then  tumed 
to  the  position  /,  tbe  Wl  side-ann  is  connected,  by  means  of  a 
short  piece  of  rubber  tubtng  and  a  tong  pieoe  of  jjlass  tubing,  with 
the  souree  of  the  £as  and  overal  liters  of  £&s  are  drawn  llirmidi 
this  tube  by  connecting   the  right  side-ann  with   au  aspiratur. 
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As  soon  as  it  is  safe  to  assume  that  all  of  the  air  has  been  driven 
out  from  the  tubing,  the  cock  is  turned  to  the  position  //,  the 
aspirator  is  connected  at  a  with  the  flask  A  in  which  a  slight  vacuum 
is  produced,  whereby  the  gas  begins  to  collect  in  the  absorption- 
tube.  Chlorine  and  carbon  dioxide  are  completely  absorbed,. 
while  the  residual  gas  collects  in  the  upper  part  of  the  absorption- 
tube.  The  gas  is  allowed  to  enter  the  tube  until  from  50  to  70 
c.c.  of  tHe  gas  residue  are  obtained;  the  cock  /  is  then  closed, 
the  aspirator  removed,  and  the  gas  driven  over  into  a  Hemj>ers 
gas-burette  and  analyzed  according  to  the  methods  already  de- 
scribed. 

60.9  c.c.  of  the  gas  residue  from  the  above-mentioned  elec- 
trolytically  prepared  chlorine  gave: 

Oxygen  =40.7 

and  in  per  cent. 


Carbon  monoxide  =  2.6 
Nitrogen  =17.6. 


02  =  66.9 
CO=     4.3 

.  N    =  28.8 


60.9  100.0 

At  the  carbon  electrode  (the  anodě)  not  only  chlorine  but  also 
a  small  amount  of  oxygen  is  liberated.  The  latter  attacks  the 
carbon  of  the  electrode,  forming  carbon  monoxide,  the  greater 
part  of  which  in  turn  combines  with  the  chlorine,  forming  phosgene 
gas,  COCla,  but  the  latter  is  decomposed  by  water  with  the  f  orma- 
tion  of  COa  and  HC1: 

COCl3+H20=COa+2HCL 

This  accounts  for  the  presence  of  the  C02  and  CO  in  chlorine  which 
has  been  prepared  electrolytically. 

2.  Determination  of  Svlphur  Dioxide. 

For  the  determination  of  sulphur  dioxide  from  pyrite  burn- 

ers,   F.  Reich  recommends  that  the  gas  should  be  sucked  by 

N 
means  of  an  aspirator  through  a  measured  amount  of  -r-r  iodine 

solution,  colored  blue  with  starch,  until  the  latter  is  decolorized 

The  amount  of  the  gas  is  equal  to  the  quantity  of  water  which 

has  flowed  from  the  aspirator  +  the  volume  of  the  absorbed  SO? 

N 
For  example,  10  c.c.  of  jr  iodine  solution  were  decolorized 
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aiter  V  c.c.  of  water  had  flowed  from  the  aspirator;  the  gas  was 
at  t°  C.  and  760  DUO,  pressure.  Since  in  the  absorptiun  of  the 
»S03  by  the  iodíne  the  following  reaction  takés  phuv, 

SOa + HaO  + 12  -  21 1 1  +  SO„ 

it  is  evident  that  the  amount  of  S<>2  absorbed,  mcasured  dry  at 

N 
0°  and  769  mm.  pressure,  will  be  11. li)  o.fi,,  for  1  c.c*  —  iodine 

solution  corresponds  to  1,1195  c.c.  S03. 

It  followg,  then,  that  the  volume  of  gas  taken  for  the  analysis 
equais 

VKB-u)273 
760^(273+0  +  I11JCC'     ri 

and  from  tfais  the  per  cent.  of  S03  in  the  gas  can  be  calculated: 

rj:lL19=100:x 

1119  ,  CA 

x  ■■  -w*  =  per  cent.  SOa, 

*\ 

Other  examples  of  gas  analyses  in  which  the  absorbed  con- 
stituent  is  estimated  by  titration  were  given  in  the  dětem  linntion 
of  the  hydrogen  sulphide  in  gas  mixtures  (ef.  p.  268)  and  in  the 
determination  of  carbonic  acid  in  the  atmosphere  by  the  method 
of  Pettenkofer(cf.  p.  475). 

3.  Determination  of  Ethylene,  according  to  Bůtk  r. 

The  principle  of  this  method  was  discussed  on  p.  569,  The 
determinatioii  is  effected  in  the  Bunte  burette  (cf.  p.  607,  Fjg, 
M). 

First,  the  contents  of  the  lower  jw>rtion  of  the  burette  from 
the  lowest  scale  division  to  the  cock  is  determined  by  weighing 
the  water  drawn  from  between  these  points,  after  allowing  the 
burette  to  draňi.  Then  about  90  e.e.  of  the  gas  to  be  exaniined 
are  plaeed  in  the  burette  nud  the  theni  mi  neteř  and  barometer 
readings  are  taken,  Then,  exactly  as  deseribed  on  p.  606,  the 
liqiiid  is  sucked  dowD  to  the  stop-cock,*  a  little  bmmine  water 

*  After  about  OM  minuté  lk|uid  wíU  collect  above  the  stop^rotk,  owitig 
to  the  drninage  of  the  iiquid  from  the  sides  of  the  burette;  this  is  removed  be* 
fóre  adding  the  broiniuc. 
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is  poured  into   a   small   evaporating-dish,  about  10  c.c.  of  the 

liquid  are  allowed  to  rise  into  the  burette,  and  in  order  to  wash 

the  bromine  water  froni  the '  tip  into  the  burette,  2  oř  3  c.c.  of 

water  are  added. 

The  walls  of  the  burette  are  now  thoroughly  wet  with  the 

bromine  water  by  suitably  turning  arid  inclining  the  tube,  and 

in  this  way  the  acetylene  is  quickly  absorbed.    In  order  to  de- 

termine  the  excess  of  bromine,  a  strong  solution  of  potassium 

iodide  is  allowed  to  rise  into  the  burette,  and  the  contents  of 

the  latter  are  vigorously  shaken.      The  liquid  is  then  run  out 

into  an  Erlenmeyer  flask,  the  burette  is  carefully  washed  out 

N 
with  water  and  the  deposited  iodine  is  titrated  with  ^  sodium 

thiosulphate.  solution.    The  titre   of   the  bromine  water  added 

is  next  determined  by  pouring   a  little  into   a  porcelain  dish, 

pipetting  off  10  c.c.  of  it,  allowing  this  amount  to  run  into  a 

solution  of  potassium  iodide  and  titrating  the  liberated  iodine  with 

N 

—  sodium  thiosulphate  solution. 

The  method  of  calculating  the  results  will  be  illustrated  best 
by  means  of  a  single  example. 

Example. — A  gas  consisting  of  90  volumes  of  air  and  10  volumes 
of  ethylene  was  ušed  for  the  analysis. 

Taken  for  analysis,  91.2  c.c.  of  the  mixture. 

Temperature,  18.3°  C. 

Barometer  reading,  623  mm. 

Tension  of  aqueous  vapor  at  18.3°  C.  =  15.6  mm.  mercury. 

Volume  of  the  ungraduated  portion  of  the  burette. . .     6.10  c.c 
Reading  of  the  bromine  water  in  the  graduated  part. .   10.00  " 

Bromine  water  ušed 16.10  c.c. 

Titre  of  the  bromine  water: 

N 
10  c.c.  of  the  bromine  water  correspond  to  12.0  c.c.  —  sodium 

thiosulphate   solution,  so    that  16.10  c.c.  of   bromine  water  are 

N 
equivalent  to  19.32  c.c.  of  —  sodium.  thiosulphate. 
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16 .1  c.c.  bromine  water —19.32  c.c.  —  solution. 

10 


16.1  c.c.  bromine  water -f  ethylene 
The  ethylene  corresponds  to 


12  23 


7.09 


Bince  the  absorption  of  the  ethylene  by  the  bromine  water 
takés  pláce  according  to  the  equatum 

C3H4+Br2  =  C,H4Rr3 
it  follows  that 

N 

2  I  >r-2l  =  20,000  c.c.  —  sodium  thiosulphate  solution  ^22,391 

N 

cc.  ethylene,  and  since  1  c.c.  —  sodium  thiosulphate  corresponds 

N 
to  LI  195  c.c,  CjH^  the  7.09  c.c.   of  —  solution  ušed  repnesent 

7.09X1.1195  =  7.94  c.c.  CřH4  at  0°  C.  and  700  mm.  pressure,  oř  9.10 
c.c.  G,H4  at  18.3°  C.  and  725  mm.,  measured  moist, 
The  gas  consists,  therefore,  of : 

W-  9Ji  and  m  per  cent.  ÍW-HMÍ  percent. 
Air   =82.1)  (Air    -90,0     H       " 


91.2 


100.0  per  cent, 


This  methoil  is  cspecially  suited  for  the  determination  of  ethylene 
present  with  benzene  111  illumiuating-gas,  ln  0H6  sample  the 
aum  of  the  fcwu  gaaee  ifi  dstermtaed  by  absorption  with  Fumiog 
sulphuric  acid  or  bromine  water,  and  in  a  second  sample  the 
ethylene  is  detennined  as  deserilied  above. 

GaS-VoU   Mi: TKM      M  I  TTÍOBS. 

If  in  consequence  of  a  chemiral  reaetion  a  gas  is  evolved,  fmm 
tlic  vohime  of  the  latier  the  weight  of  the  originál  substam-c  way 
be  detennined, 

Examplea  af  this  sort  of  i&  analysis  were  giveu  under  the 
determination  of  CO,  in  eurhouates  (pp,  301,  304,  30*):,  the  cftibon 
contents  of  iron  and  stcel  (pp.  319  and  321  }>  and  the  XU3  in  nitrates 
(p.  360). 
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At  this  pláce  a  few  more  important  determinations  of  the  samé 
nátuře  will  be  deseribed. 


Determination  of  Amin  on  i  a  in  Ammonium  Salts. 

The  following  method,  first  proposed  by  Knop*  and  láteř 
modificd  by  P.  Wagner,f  depends  uix>n  the  fact  that  ammonia 
is  oxidized  by  sodium  hypobromite  with  evolution  of  nítrogen: 

2NH3+3NaOBr-3HíO+3NaBr+Na, 

The  nítrogen  is  colleeted  in  an  azotometer  and  measured. 

If  tfafi  araount  of  the  ammonia  be  calculuted  from  the  volume 
of  the  nítrogen,  too  low  resuits  will  be  obtained,  and  this  : 
was  formerly  explaíned  by  the  assumptíon  that  a  part  of  the 
nítrogen  was  absorbed  as  such  by  the  alkaline  bromine  solution. 
Tu -dav.  hovvever,  \ve  know  that  such  is  not  the  čase.  At  ordinary 
temperatures  all  of  the  ammonia  is  not  oxidized  aerording  t<> 
tbe  above  equation  to  W&ter  and  nítrogen,  but  a  small  amount 
of  ammonium  hypobromite  Ls  formed;  for  this  reason  too  littte 
nítrogen  is  obtained  in  the  azotometer.  If,  on  the  other  hand, 
the  rlecomjMiskion  takés  pláce  at  100°  (X,  the  reaction  goes  quanti. 
tatively  according  to  the  equation.  It  is  inconvenient  to  work 
at  such  a  high  temperature,  so  that  it  is  more  practical  to  make 
a  correction  to  the  volume  of  nitrogen  obtained  at  ordinary  tem- 
peratures. 

Reagents  and  apparatus  required : 

1.  An  ammonium  chloride  solution,  obtained  by  dissolving 
8.3674  gms,  of  the  pure  sublimed  salt  in  water  and  diluting  to 
500  c.c. 

10  c.c.  of  tks  solution  cvolve  at  0°  C.  and  760  mm#  pressure 
35  c.c.  of  oitrogeo  if  the  reaction  takés  pláce  according  to  the 
equatiuu, 

_'.  BodlUSD    hypohromite   Bolution.     100   gms.   of   sodium   hy- 
droxide are  dissolved   in  water,  diluted  to  1250  c.c.  and    ai 
«  «.ding  by  placing   the  flask   in   cold  water,  25  c.c.  of  broit 

*  Chera.  CentralbL,  IS60f  p.  243. 

t  Zeitschr.  f-  anal.  Chem.,  XII 1  (1874),  p,  383;  XV  (1876),  p.  250. 
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are  added.  the  contents  of  the  flask  vigorously  shaken  and  again 
cooled, 

This  soluticm  must  be  preserved  in  a  stoppered  bottle  aad 
proteeted  from  the  action  of  light* 

3.  An  azotometer.  Instead  of  the  assotometer  of  Wagncr.* 
Lunge's  U  ni  verval  Apparatus  (Fig.  50,  6,  p.  305)  oř  any  such  meas- 
uring  instrument  niay  be  ušed. 

Proceduře,— -Ten  c.c.  of  the  standard  ammonium  chloride  sólu- 
tion  are  placed  in  the  small  Wagner  decomposition-bottle  (Fig. 
50,  a,  p.  305)  while  40  to  50  c.c.  of  the  hypobromite  eoiution 
are  poured  into  the  glass  L  (which  is  fused  to  the  bottom  of 
the  bottle  II).  The  bottle  is  then  eonnected  with  the  mcasuring- 
tube  A}\  which  is  entirely  filled  with  mercury,  b  opened  and  the 
Irvcllinir-tulic  B  lowered.  The  bottle  //  i>  niclined  so  that  some 
of  the  hypobromite  solution  comes  in  contact  with  the  solutimi 
of  ammonium  cldoride  and  the  two  liquids  are  mixed  by  gentle 
shaking.  A  lively  evolution  of  nitrogen  at  once  takés  pláce  and 
the  liquid  becomes  heated  As  soon  as  the  action  cea-ses,  moro  «.f 
the  hypobroniite  sólu  tion  is  allowed  to  act  upon  the  amnumium 
salt  and  the  process  Ls  repeated  until  finatly  all  of  the  hypobromite 
is  in  the  outer  part  of  H.  As  soon  as  no  more  gas  is  evolved 
by  shaking,  the  decomposition-bottle  is  placed  in  water  at  the 
room  temperatune  and  after  allowing  it  to  stand  ten  minutes, 
the  volume  of  the  nitrogen  is  read  under  the  conditions  de- 
scribed  on  p,  306.  *  The  volume  of  nitrogen  at  0°  and  760  nim. 
thus  found  will  be  amaller  than  the  theoretical  value  of  35  0.0., 
but  it  corresponds  to  the  amount  of  ammonia  contained  in  10  c.c., 
of  the  ammonium  chloride  solution,  Le.,  0.05337  gm.  NHj, 

A  nuinber  of  such  determinations  are  carried  out  and  the  mean 
of  the  results  obtainod  is  taken  for  the  correct  value. 

After  this,  some  of  the  ammonium  salt  to  l^e  analyzed  is  weighed 
out,  dksolved  in  water,  and  diluted  so  that  10  c.c.  of  the  solution 
will  contain  approximately  the  samé  amount  of  ammonia  as  in 
the  čase  of  the  standard  solution,     Then  iff#for  example,  from 


*  Loc.  cit, 

t  The  contents  of  the  decomposition-bottle  are  previously  cooled  to  the 
room  totnpttttttm  brfon  the  coek  b  ia  eonnected  with  it* 
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a  gms.  of  an  ammutiium  salt,  V  c.c.  oí  nitrogen  at  0°  C.  and  760 
nom.  pressure  ynsQ  found,  \ve  háve: 

VtVt  =0.0533f>:x 

17*0.05336 

*-*T — 

and  in  per  cent.: 

rtX  5.336 


F-o 


=per  cent.  NH3, 


Remark. — The  results  obtained  by  this  method  agree  exactly 
with  those  obtained  by  the  distillation  method  described  on  p.  55. 
Only  with  substances  eontaining  sulphocyanates  are  the  results 
obtained  too  high ;  in  this  čase  the  sulphocyanate  is  decomposed 
by  the  alkaline  hypobromite  solution  with  evolution  of  nitrogen 
and  carbon  monoxide.* 

Consequently,  the  above  method  affords  uneertain  results  in 
the  analysís  of  the  ammonia  in  gas  Iiquors. 

Urea  is  decomposed  by  the  alkaline  hypobromite  solution 
according  to  the  equation 

OOtNHj)^  3NaOBr  -  3NaBr+  CG2+  N3+2H30, 

80  that  it  can  be  detcrmined  in  the  samé  way  as  ammonium  salts, 
the  carbon  dioxide  produeed  by  the  decomposition  being  kept  back 
by  means  of  caustic  soda  solution. 

Determination  of  Nitrous  and  Nitric  Acids. 

Principle.—lf  a  solution  of  a  nitrite  oř  nitráte  be  shaken 
with  mcrcury  and  an  excess  of  sulphuric  acid,  afl  of  the  nitrogen 
is  set  free  as  nitric  oxide: 

2HM)2+2Hg  +  H2SO4=2H20+  Hg2SO,+2NO, 
211 V  V     iiir!í  +  3H28Oi-4H20+3Hg280i+2N0, 

Ftom  the  volume  of  the  nitric  oxide,  the  weight  of  the  nitráte 
or  nitritt  ia  oomputed. 

The  malysífl  ifl  best  performed  in  a  Lunge  nitrometer.t  The 
latter  is  a  Bunte  burette,  in  wliicb  the  lower  stop-cock  is  lacking  and 


*  Donath  and  Pollak,  Záftaéhr.  f*  angew.  Chem..  lR97f  p.  555. 

t  Berichte,  1890,  p,  440,  and  Keitachr  hir  angerw.  Chem.,  1890.  p,  139. 
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the  lower  end  uf  which  is  connected  with  a  levelling-tube  containing 
mercury.  By  raisiug  the  latter,  the  nitrometer  (which  need  not 
be  graduated)  is  entirely  fillrd  with  mercury  and  the  two-wuv 
cock  under  the  fuimel  is  elosed.  Then  :t  woighed  amount  of  the 
sub -tance  dissolved  in  B  lit  tle  water  is  placed  in  the  funnel,  the 
Irwlling-tube  loweml,  and  the  solution  introduced  into  tho 
nitrometer  by  carefully  npening  the  cock,  the  fuunel  being  finallv 
washed  out  four  tiines  with  two  oř  three  c.c.  of  conuentrau-d 
aulphuric  acid.  The  deeomposition-toba  is  now  taken  out  of 
the  frame,  it  is  placed  severní  tiines  in  a  nearly  horizontál  pofiitioU 
and  then  quickly  changed  to  a  vertical  position.  By  this  means 
the  mercury  becomes  intimately  minci  with  the  acid  and  the 
deenm  position  at  once  begins.  The  shaking  is  rontinued  one  Oř 
luo  minutes  until  there  seems  to  be  no  further  huftcam  in  the 
volume  of  the  liberated  gas.  The  decomposition  vessel  is  thni 
conneeted  by  means  »of  a  short  piece  of  rubber  tubing  with  the 
gas-burette  filled  with  mercury,  the  nitric  oxide  is  transferred 
to  the  Latter;  and  its  volume  read  after  reducing  it  to  the  standard 
cnnditions  by  means  of  the  gas-compensation  tube.  (Cf.  p.  305, 
Fig.  50.) 

If  in  an  analysis  a  gms,  of  a  nitráte  were  taken  and  V9  c.c 
of  NO  were  obtained,  we  háve: 

(xcg 

22,391  c.c.:  62,04  =  F0  :x 
r0X  62,04 
22391 
and  in  per  cent.: 

J^X— °  =  0.27707X— °=per  cent  N03. 
22391      a  a  * 

Remark. — For  the  analys  ts  of  *'  ni  troše,"  *  the  author  knows  of 

no  niethod  which  affords  such  exact  results, 

Hydrogen  Peroxide  Methods. 
Hydrogen  peroxide  is  oxidized  by  means  of  a  number  of  different 
substances,  giving  up  all  oť  the  oxygen;  twice  as  much  oxygen  is 
evolved  as  is  obtained  froni  the  oxidizing  agent: 


x=- 


:gms.  N0a 
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Since,  however,  hydrogen  peroxide  itself  slowly  decomposes 
on  standing  (the  decomposition  being  measurable  on  shaking 
and  quite  considerable  by  shaking  in  the  presence  of  solid  sub- 
tances  (sand,  etc.)),  it  follows  that  in  the  following  methods  no 
great  excess  of  hydrogen  peroxide  should  be  ušed,  and  long-con- 
tinued  shaking  must  be  avoided. 

Standardization  of  Permanganate  Solutions. 

The  determination  is  best  made  according  to  Lunge  in  a  gas 
volumeter  (p.  305,  Fig.  50).  In  order  to  obtain  correct  results, 
however,  it  is  absolutely  necessary  that  no  excess  of  hydrogen 
peroxide  be  present.  Consequently  it  is  necessary  to  determine 
by  means  of  a  preliminary  experiment  the  exact  value  of  the 
permanganate  solution  in  terms  of  the  Ha02  solution  ušed.  Then 
a  measured  amount  of  the  latter  is  placed  in  the  outside  part  of 
the  Wagner  decomposition-bottle  and  30  c.c.  of  dilute  sulphuric 
acid  (1:5)  are  added.  After  this,  the  exact  amount  of  hydro- 
gen peroxide  required  for  the  decomposition  of  the  permanganate 
is  introduced  into  the  inner  part  of  the  bottle  and  the  latter 
is  connected  with  the  measuring-tube,  which  is  fílled  with  mercury, 
the  cock  b  being  removed  for  the  time  being,  but  it  is  replaced  at 
the  end  of  two  or  three  minutes  and  turned  to  the  position  shown 
in  the  figuře. 

The  two  liquids  are  then  mixed,  taking  care  to  hold  the  decom- 
position-flask  so  that  its  contents  will  not  be  warmed  by  the  heat 
of  the  hand,  inclining  it  to  an  angle  of  about  90°  with  the  vertical, 
and  shaking  for  exactly  one  minuté.  While  the  oxygen  is  being 
evolved,  care  must  be  taken  that  the  gas  in  the  eudiometer  is 
under  reduced  pressure.  At  the  end  of  the  decomposition,  the 
gas  is  placed  under  atmospheric  pressure,  b  is  closed,  and  by  means 
of  the  compensation-tube,  the  volume  of  the  gas  is  reduced  to 
what  it  would  be  at  0°  C.  and  760  mni.  pressure,  as  described  on 
p.  306. 

One-half  of  the  observed  volume  corresponds  to  the  amount 
of  oxygen  given  up  by  the  potassium  permanganate.  This  number 
multiplied  by  0.001429  gives  the  weight  of  the  oxygen  obtained 
from  the  permanganate. 
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Remark. — The  amount  of  permanganate  to  be  takeii  ,or  the 

experiment  is  determined  by  the  size  01  the  meásuring-tube.    If 

N 
the  latter  has  a  capacity  of  150  c.c.,  15  c.c.  of  a  —    solution 

o 

N 
oř  40  to  50  c.c.  of  a-jr  solution  should  be  taken. 

The  hydrogen  peroxide  ušed  should  not  be  too  concentrated; 
it  should  be  about  a  2  per  cent.  solution.  The  active  oxygen 
present  in  a  sample  of  pyrolusite  *  may  be  determined  by  the 
samé  proceduře. 

Determination  of  Cerium  in  Soluble  Ceric  Salts. 

If  hydrogen  peroxide  is  added  to  an  acid  solution  of  a  soluble 
ceric  salt,  the  latter  is  reduced  with  evolution  of  oxygen: 

2Ce034-H3Oa=CeJOf4-HaO+03. 

The  determination  is  effected  in  precisely  the  samé  way  as 
was  described  above  in  the  standardization  of  the  permanganate 
solution.  If  half  the  volume  of  liberated  oxygen  is  multiplied 
by  0.030514,  the  product  represents  the  corresponding  amount 
of  CeO,t 

Remark. — If  a  large  excess  of  hydrogen  peroxide  is  avoided 
in  the  above  analysis,  satisfactory  results  will  be  obtained. 

For  other  determinations  of  this  sort,  consult  "  Lunge's  Alkali 
Makers'  Handbook"  and"Hempel's  Gas-Analytical  Methods." 

*  Lunge's  Alkali  Makers'  Handbook. 

t  Assuming  that  the  atomic  weight  of  Ce— 138.81. 


6*8 

APPENDLK. 

SPECIFIC  GRAVITY  OF  BTRONO  AGZDS  AT  jp  IX  vaii  o. 

(Acn.nlirití  bQ  Q<   Iá  \<íe.) 

8peeiíic 
Graviiy 

Per  Gont.  by  Weight- 

ific 

Gravity 

Per  Cent.  by  Wřight. 

at7* 

CVjujuo). 

SOL 

UNO* 

li;S04. 

t\mnjii) 

HNU*. 

H:> 

1.O0Q 

0.16 

n  ni 

o  m 

1.235 

37  53 

31.70 

1    <>05 

1   15 

1   00 

0.88 

1   240 

29 

32  28 

1    010 

2  14 

1   91* 

1  57 

1   245 

39  05 

88 

1,015 

3  12 

2  80 

2  30 

1  280 

39 

38  43 

1   020 

4.13 

3.70 

3  03 

1    255 

40 

34  00 

1.025 

5  15 

i  3Q 

a  76 

1  260 

41   34 

34  57 

1.030 

6.15 

5  50 

4  49 

1    265 

42.10 

35   14 

1,035 

7.15 

i,  88 

5.28 

1   270 

42  B7 

35  71 

1.040 

s  16 

7.28 

1    275 

43  64 

36  29 

1.045 

9  16 

8  18 

6  67 

1    280 

44    11 

^7 

1.050 

10  17 

8  99 

7  37 

1    285 

45  18 

37  45 

1,065 

11.18 

9  84 

8.07 

1,290 

45  96 

88  08 

1.060 

12  19 

10  68 

8  77 

1  288 

46  72 

61 

1065 

13  19 

ti  51 

9  47 

1   300 

47  49 

80  19 

1.070 

14   17 

1  2  33 

10  10 

1  305 

ís  26 

1,075 

15.16 

13.15 

10.90 

1.310 

49  U7 

40  35 

1    060 

16  15 

18  95 

11   60 

1  315 

49 

40  93 

1.085 

17  13 

14   74 

12.30 

1.820 

60  71 

41   50 

1.090 

1Š   11 

15  53 

12  98 

1  325 

51   53 

42  Os 

1   096 

19  06 

18  82 

13  67 

1.880 

52  37 

42 

1    100 

20  01 

17   11 

14  35 

1  335 

53  22 

43  20 

1    105 

ao  97 

17.  m 

15  03 

1  .340 

54.01 

48  74 

1    110 

21  92 

js  67 

15.71 

1   345 

54  93 

44 

1115 

22  síí 

18   45 

16  36 

i   350 

55  79 

44 

1    120 

23.82 

20.23 

17  01 

1   355 

56  66 

45  35 

1    125 

24  78 

21.00 

17  66 

1   360 

57.57 

45 

1    130 

25  75 

21   77 

18 .31 

1   365 

88.48 

41 

1 .  135 

74* 

22  54 

18*96 

1   370 

59  39 

46  94 

1,140 

27  66 

23.31 

19,61 

1.375 

60  30 

47  47 

1   145 

M.ei 

24  OS 

30.26 

1   380 

61  27 

00 

1   150 

29  57 

21   S4 

20  91 

1   385 

62.24 

53 

1    155 

30  55 

28  60 

21   55 

1  390 

63 

49  06 

I   100 

31   52 

26  36 

22   19 

1   395 

64  26 

49  59 

1.165 

49 

27   12 

22  88 

1   400 

65.80 

50.11 

1   170 

33  46 

27  88 

23  47 

1   405 

66  40 

88 

1    175 

34   42 

28  63 

U   12 

1    410 

67  50 

51    15 

1    ISÍ) 

36.80 

29  38 

24.76 

1    415 

OS  63 

51    66 

1    1- 

36  3 1 

30.13 

25  40 

l    42i  1 

52  15 

1.190 

37  23 

30.88 

28  04 

1     5 

7n 

63 

1   195 

88.16 

31   88 

26  6S 

1   430 

72  17 

83.11 

1.300 

39.11 

36 

11  82 

l    435 

73  39 

83.89 

1  205 

33  09 

27,95 

1   440 

74.88 

54 

1  .211) 

33.82 

28 .88 

l  ,  445 

75  98 

56 

1.215 

34  55 

29  21 

l   450 

77.28 

»J3 

1.230 

85.28 

1  84 

1  455 

7s  60 

55  50 

1  225 

36  08 

30  48 

1   460 

66 

55  97 

1  230 

36  78 

31.11 

l.V 

81.42 

56  43 
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SPECIFIC  GRAVITY  OF  STRONG  ACIDS  AT  ^°    IN    VACUO.—ConL 

4 

(According  to  G.  Lungb.) 


Specific 
Gravity 
15° 

Per  Cent.  by  Weight. 

Specific 

Gravity 

15° 

Per  Cent. 

by 
Weight. 

Specific 
.    Gravity 
15° 

Per  Cent. 

by 
Weight. 

at1T 

*1T 

i          4° 

4" 

(Vacuo). 

HNO3. 

HaSO*. 

(Vacuo). 

1 

HaSO,. 

(Vacuo). 

HaSO*. 

1.470 

82.90 

56.90 

1.610 

69.43 

1.750 

81.56 

1.475 

84.45 

57.37 

1.615 

69.89 

1.755 

82.00 

1.480 

86.05 

57.83 

1.620 

70.32 

1.760 

82.44 

1.485 

87.70 

58.28 

1.625 

70.74 

1     1.765 

82.88 

1.490 

89.60 

58.74 

1.630 

71.16 

1     1.770 

83  32 

1.495 

91.60 

59.22 

1.635 

71.57 

1.775 

83.90 

1.500 

94.09 

59.70 

1.640 

71.99 

1.780 

84.50 

1.505 

96.39 

60.18 

1.645 

72.40 

1 .785 

85.10 

1.510 

98.10 

60.65 

1.650 

72.82 

1.790 

85  70 

1.515 

99.07 

61.12 

1.655 

73.23 

1.795 

86.30 

1.520 

99.67 

61.59 

1.660 

73.64 

1.800 

86.90 

1.525 

62.06 

1.665 

74.07 

1.805 

87.60 

1.530 

62.53 

1.670 

74.51 

1.810 

88.30 

1.535 

63.00 

1.675 

74.97 

1.815 

89.05 

1.540 

63.43 

1.680 

75.42 

1.820 

90.05 

1.545 

63.85 

1.685 

75.86 

1.825 

91.00 

1.550 

64.26 

1.690 

76.30 

1.830 

92.10 

1.555 

64.67 

1.695 

76.73 

1.835 

93  43 

1.560 

65.08 

1.700 

77.17 

1.840 

95.60 

1.565 

65.49 

1.705 

77.60 

1.8405 

95.95 

1.570 

65.90 

1.710 

78.04 

1.8410 

97.00 

1.575 

66.30 

1.715 

78.48 

1.8415 

97.70 

1.580 

66.71 

1.720 

78.92 

1.8410 

98.20 

1.585 

67.13 

1.725 

79.36 

1.8405 

98.70 

1.590 

67.59 

1.730 

79.80 

1.8400 

99.20 

1.595 

68.05 

1     1.735 

80.24 

1.8395 

99.45 

1.600 

68.51 

!     1.740 

80.68 

1.8390 

99.70 

1.605 

68.97 

j     1.745 

81.12 

1.8385 

99.95 

<>30 
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SPECIFIC  GRAVTTY  OF  POTASSIUM  AND  SODIUM  HYDROXIDE 
SOLUTIONS  AT  15°  C. 


Specifio 

Per  Cent. 

Per  Cent. 

Specifio 

Per  Cent. 

Per  Cent. 

Gravity. 

KOH. 

NaOH. 

Gravity. 

KOH. 

NaOH. 

1.007 

0.9 

0.61 

1.252 

27.0 

22.64 

1.014 

1.7 

1.20 

1.263 

28.2 

23.67 

1.022 

2.6 

2.00 

1.274 

28.9 

24.81 

1.029 

3.5 

2.71 

1.285 

29.8 

25.80 

1.037 

4.5 

3.35 

1.297 

30.7 

26.83 

1.045 

5.6 

4.00 

1.308 

31.8 

27.80 

1.052 

6.4 

4.64 

1.320 

32.7 

28.83 

1.060 

7.4 

5.29 

1.332 

33.7 

29.93 

1.067 

8.2 

5.87 

1.345 

34.9 

31.22 

1.075 

9.2 

6.55 

1.357 

35.9 

32.47 

1.083 

10.1 

7.31 

1.370 

36.9 

33.69 

1.091 

10.9 

8.00 

1.383 

37.8 

34.96 

1.100 

12.0 

8.68 

1.397 

38.9 

36.25 

1.108 

12.9 

9.42 

1.410 

39.9 

37.47 

1.116 

13.8 

10.06 

1.424 

40.9 

38.80 

1.125 

14.8 

10.97 

1.438 

42.1 

39.99 

1.134 

15.7 

11.84 

1.453 

43.4 

41.41 

1.142 

16.5 

12.64 

1.468 

44.6 

42.83 

1.152 

17.6 

13.55 

1.483 

45.8 

44.38 

1.162 

18.6 

14.37 

1.498 

47.1 

46.15 

1.171 

19.5 

15.13 

1.514 

48.3 

47.60 

1.180 

20.5 

15.91 

1.530 

49.4 

49.02 

1.190 

21.4 

16.77 

1.546 

50.6 

— 

1.200 

22.4 

17.67 

1.563 

51.9 

— 

1.210 

23.3 

18.58 

1.580 

53.2 

— 

1.220 

24.2 

19.58 

1.597 

54.5 

— 

1.231 

25.1 

20.59 

1.615 

55.9 

— 

1.241 

26.1 

21.42 

1.634 

57.5 

-— ~ 
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SPECIFIC  GRAVITY  OF  AMMONIA  SOLUTIONS  AT   15°  C. 
(According  to  Lunge  and  Wiernik.) 


Specifio  Gravity. 

Per  Cent.  NH* 

Specifio  Gravity. 

Fér  Cent.  NH* 

1.000 

0.00 

0.940 

15.63 

0.998 

0.45 

0.938 

16.22 

0.996 

0.91 

0.936 

16.82 

0.994 

1.37 

0.934 

17.42 

0.992 

1.84 

0.932 

18.03 

0.990 

2.31 

0.930 

18.64 

0.988 

2.80 

0.928 

19.25 

0.986 

3.30 

0.926 

19.87 

0.984 

3.80 

0.924 

20.49 

0.982 

4.30 

0.922 

21.12 

0.980 

4.80 

0.920 

21.75 

0.978 

5.30 

0.918 

22.39 

0.976 

5.80 

0.916 

23.03 

0.974 

6.30 

0.914 

23.68 

0.972 

6.80 

0.912 

24.33 

0.970 

7.31 

0.910 

24.99 

0.968 

7.82 

0.908 

25.65 

0.966 

8.33 

0.906 

26.31 

0.964 

8.84 

.    0.904 

26.98 

0.962 

9.35 

0.902 

27.65 

0.960 

9.91 

0.900 

23.33 

0.958 

10.47 

0.898 

29.01 

0.956 

11.03 

0.896 

29.69 

0.954 

11.60 

0.894 

30.37 

0.952 

12.17 

0.892 

31.05 

0.950 

12.74 

0.890 

31.75 

0.948 

13.31 

0.888 

32.50 

0.946 

13.88 

0.886 

33.25 

0.944 

14.46 

0.884 

34.10 

0.942 

15.04 

0.882 

34.95 

632  APPENDIX. 

TENSION  OF  WATER  VAPOR  ACCORDING  TO  REGNAULT. 


Degrees, 
C. 

Tenaion  in 
Millimetere. 

Degiocs, 

Tension  in 
Millimeters. 

Desneá, 

Tenaion  in 
Millimeters. 

-2.0 

3.9C5 

+  2.0 

5.302 

+  6.0 

6.998 

1.9 

3.985 

2.1 

5.340 

6.1 

7.047 

1.8 

4.016 

2.2 

5.378 

6.2 

7.095 

1.7 

4.047 

2.3 

5.416 

6.3 

7.144 

1.6 

4.078 

2.4 

5.454 

6.4 

7.193 

1.5 

4.109 

2.5 

5.491 

6.5 

7.242 

1.4 

4.14Q 

2.6 

5.530 

6.6 

7.292 

1.3 

4.171 

2.7 

5.569 

6.7 

7.342 

1.2 

4.203 

2.8 

5.608 

6.8 

7.392 

1.1 

4.235 

2.9 

5.647 

6.9 

7.442 

1.0 

4.267 

3.0 

5.687 

7.0 

7.492 

0.9 

4.299 

3.1 

5.727 

7.1 

7.544 

0.8 

4.331 

3.2 

5.767 

7.2 

7.595 

0.7 

4.364 

3.3 

5.807 

7.3 

7.647 

0.6 

4.397 

.     3.4 

5.848 

7.4 

7.699 

0.5 

4.430 

3.5 

5.889 

7.5 

7.751 

0.4 

4.463 

3.6 

5.930 

7.6 

7.804 

0.3 

4.497 

3.7 

5.972 

7.7 

7.857 

0.2 

4.531 

3.8 

6.014 

7.8 

7.910 

0.1 

4.565 

3.9 

6.055 

7.9 

7.964 

0.0 

4.600 

4.0 

6.097 

8.0 

8.017 

+  0.1 

4.633 

4.1 

6.140 

8.1 

8.072 

0.2 

4.667 

4.2 

6.183 

8.2 

8.126 

0.3 

4.700 

4.3 

6.226 

8.3 

8.181 

0.4 

4.733 

4.4 

6.270 

8.4 

8.236 

0.5 

4.767 

4.5 

6.313 

8.5 

8.291 

0.6 

4.801 

4.6 

6.357 

8.6 

8.347 

0.7 

4.836 

4.7 

6.401 

8.7 

8.404 

0.8 

4.871       ; 

4.8 

6.445 

8.8 

8.461 

0.9 

4.905 

4.9 

6.490 

8.9 

8.517 

1.0 

4.940 

5.0 

6.534 

9.0 

8.574 

1.1 

4.975 

5  1 

6.580 

9.1 

8.632 

1.2 

5.011 

5  2 

6.625 

9.2 

8.690 

1.3 

5.047       1 

5  3 

6.671 

9.3 

8.74S 

1.4 

5.082 

5.4 

6.717 

9.4 

8.807     ' 

1.5 

5  118       1 

5.5 

6.763 

9.5 

8.865 

1.6 

5.155       ! 

5.6 

6.810 

9.6 

8.925 

1.7 

5.191 

5.7 

6.857 

9.7 

8.985 

1.8 

5.22S 

5.8 

6.904 

9.8 

9.045 

1.9 

5.265       1 

5.9 

6.951 

9.9 

9.105 

TENS/ON  OF  WATER  VAPOR. 
TEXSIOX  OF  WATER  VAFOK,— Confinuof. 
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Degreei, 


I     Tension  in 
!    MiilimeterH. 


+  10.0 
10.1 
10.2 
10.3 

10.4 

10.5 
10.6 
10.7 
10.8 
10.9 

11.0 
11.1 
11.2 

11. a 

11.4 

11.5 
11.6 
11.7 
11.8 
11.9 

12.0 
12.1 
12.2 
12.3 
12.4 

12.5 
12.6 
12.7 
12.8 
12.9 

13.0 
13.1 
13.2 
13.3 
13.4 

13.5 
13.6 
13.7 
13.8 
13.9 


9.165 
9.227 
9.2H8 
9.350 
9.412 

9.474 
9.537 
9.601 
9.665 
9. 728 

9.792 
9.857 
9.923 
9.989 
10.054 

10.120 
10.187 
10.255 
10.322 
10.389 

10.457 
10.526 
10.596 
10.665 
10.734 

10.804 
10.875 
10.947 
11.019 
11.090 

11.162 
11.235 
1Í.309 
11.3S3 
11.456 

11.530 
11.605 
11.6S1 
11.757 
11.832 


Degrees, 


+  14.0 
14.1 
14.2 
14.3 
14.4 

14.5 
14.6 
14.7 
14.8 
14.9 

15.0 
15.1 
15.2 
15.3 
15.4 

15.5 
15.6 
15.7 

15.8 
15.9 

16.0 
16.1 
16.2 
16.3 
16.4 

16.5 
16.6 
16.7 
16.8 
16.9 

17.0 
17.1 
17.2 
17.3 
17.4 

17.5 
17.6 
17.7 

17.8 
17.9 


Tenwon  in 
MUlimetera 


11. 908 
11.986 
12.064 
12.142 
12.220 

12.298 
12.378 
12  45S 
12.538 
12.619 

12.699 
12.781 
12.864 
12.947 
13.029 

13.112 
13.197 
13.281 
13.366 
13.451 

13.536 
13.623 
13.710 
13.797 
13.885 

13.972 
14.062 
14.151 
14.241 
14.331 

14.421 
14.513 
14.605 
14.697 
14.790 

14.SK2 
14.977 
15.072 
15.167 
15.262 


Desrees 

Tension  in 
Millimeters 

+  18.0 

15.357 

18.1 

15.454 

18.2 

15.552 

18.3 

15.650 

18.4 

15.747 

18.5 

15.845 

18.6 

15.945 

18.7 

16.045 

18.8 

16.145 

18.9 

16.246 

19.0 

16.346 

19.1 

16.449 

19.2 

16.552 

19.3 

16.655 

19.4 

16.758 

19.5 

16.861 

19.6 

16.967 

19.7 

17.073 

19.8 

17.179 

19.9 

17:285 

20.0 

17.391 

20.1 

17.500 

20.2 

17,608 

20.3 

17.717 

20.4 

17.826 

20.5 

17.935 

20.6 

18.047 

20.7 

18.159 

20.8 

18.271 

20.9 

18.383 

21.0 
21.1 
21.2 
21.3 
21.4 

21.5 
21.6 
21.7 
21.8 
21.9 


18.495 
18.610 
18.724 
18.839 
18.954 

19.069 
19.1S7 
19.305 
19.423 
19.541 
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TENSION  OF  WATER  VAPOR.— Continued. 


Degiees, 

Tenwon  in 
Millimetera. 

Degrees, 
C. 

Tenaion  in 
Millimetera. 

Degreea, 

Temáon  in 
Millimetero- 

+  22.0 

19.659 

+  26.0 

24.988 

+30.0 

31.548 

22.1 

19.780 

26.1 

25.138 

30.1 

31.729 

22.2 

19.901 

26.2 

25.288 

30.2 

31.911 

22.3 

20.022 

26.3 

25.438 

30.3 

32.094 

22.4 

20.143 

26.4 

25.588 

30.4 

32.278 

22.5 

20.265 

26.5 

25.738 

30.5 

32.463 

22.6 

20.389 

26.6 

25.891 

30.6 

32.650 

22.7 

20.514 

26.7 

26.045 

30.7 

32.837 

22.8 

20.639 

26.8 

26.198 

30.8 

33.026 

22.9 

20.763 

26.9 

26.351 

30.9 

33.215 

23.0 

20.888 

27.0 

26.505 

31.0 

33.405 

23.1 

21.016 

27.1 

26.663 

31.1 

33.596 

23.2 

21.144 

27.2 

26.820 

31.2 

33.787 

23.3 

21.272 

27.3 

26.978 

31.3 

33.980 

23.4 

21.400 

27.4 

27.136 

31.4 

34.174 

23.5 

21.528 

27.5 

27.294 

31.5 

34.368 

23.6 

21.659 

27.6 

27.455 

31.6 

34.564 

23.7 

21.790 

27.7 

27.617 

31.7 

34.761 

23.8 

21.921 

27.8 

27.778 

31.8 

34.959 

23.9 

22.053 

27.9 

27.939 

31.9 

35.159 

24.0 

22.184 

28.0 

28.101 

32.0 

35.359 

24.1 

22.319 

28.1 

28.267 

32.1 

35.559 

24.2 

22.453 

28.2 

28.433 

32.2 

35.760 

24.3 

22.588 

28.3 

28.599 

32.3 

35.962 

24.4 

22.723 

28.4 

28.765 

32.4 

36.165 

24.5 

22.858 

28.5 

28.931 

32.5 

36.370 

24.6 

22.996 

28.6 

29.101 

32.6 

36.576 

24.7 

23.135 

28.7 

29.271 

32.7 

36.783 

24.8 

23.273 

28.8 

29.441 

32.8 

36.991 

24.9 

23.411 

28.9 

29.612 

32.9 

37.200 

25.0 

23.550 

29.0 

29.782 

33.0 

37.410 

25.1 

23.692 

29.1 

29.956 

33.1 

37.621 

25.2 

23.834 

29.2 

30.131 

33.2 

37.832 

25.3 

23.976 

29.3 

30.305 

33.3 

38.045 

25.4 

24.119 

29.4 

30.479 

33.4 

38.258 

25.5 

24.261 

29.5 

30.654 

33.5 

38.473 

25.6 

24.406 

29.6 

30.833 

33.6 

38.689 

25.7 

24.552 

29.7 

31.011 

33.7 

38.906 

25.8 

24.697 

29.8 

31 . 190 

33.8 

39.124 

25.9 

24.842 

29.9 

31.369 

33.9 

39.344 

HEAT  OP  COMBUSTION  OF  GAS. 
TENSION  OF  WATER  VAPOR.— Caníinued. 
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DeF68' 

Tenrion, 
Millimetere. 

T» 

Tenrion, 
Millimet«rs. 

Demes, 

Tenrion. 
Millimetere. 

+34.0 
34.1 
34.2 
34.3 

39.565 
39.786 
40.007 
40.230 

+34.4 
34.5 
34.6 
34.7 

40.455 
40.680 
40.907 
41.135 

+34.8 
34.9 

35.0 

41.364 
41.595 

41.827 

HEAT   OF  COMBUSTION   OF   1    LITER   OF  GAS  MEASURED  AT 
0°  AND  76(^  MM.  BAROMETRIC  PRESSURE. 


Qm. 


Carbon  monoxide 

Hydrogen. 

Methane 

Ethylene 

Propylene 

Benxol-gas 

Acetylene 

Generator-gas . . . 

Water-gad 

Dowson  gas 

Sluminating-gas . 


Referredto 

Gaseous  Water 
Calories. 

LtauidWater 

3,043 

3,043 

2,582 

3,066 

8,524 

9,491 

13,960 

14,930 

20,615 

23,180 

33,815 

35,266 

11,266 

11,705 

about  1,000 

"      3,386 

about  3,700 

"      1,400 

"      5,400 

TABLES  FOR  CALCULATING  ANALYSES. 

PIRECTIONS  FOR  USING  THE  TABLES. 

Assume  that  it  is  desired  to  find  the  per  cent.  of  arsenic  present 
in  an  oře.  For  this  purpose  a  gms.  of  the  oře  are  taken  for  the 
analysis  and  the  arsenic  is  detcrmined  as  MgjAsjOyj  the  ignited 
precipitate  weighed  p  gms.  The  calculation  of  the  arsenic  is 
made  as  foilows: 

Mga  Asj07 :  Asj = p :  * 


As, 
*~Mg2A&A  XP 


and  in  per  cent. 


o;„  ^*xp-100;a 
MgjAsjO, 

s_  100  As,     p 
Mg2As2()7    a 

The  last  equation  is  solved  for  x,  after  the  proper  values  for 

p,  a,  etc,  háve  been  inserted,  with  the  aid  of  logarithms.     From 

100  As, 
the  tables,  the  logarithrn  of  .-—^  is  taken,  to  it  the  logarithni 

o'  p  is  added,  and  from  the  sum  the  logarithrn  of  a  is  dcducted. 
Tho  number  corresponding  to  this  difference  (found  in  the  table 
of  antilogarithms)  reprcscnts  the  desired  result  in  per  cent. 

Example. — 0.5  gin.  of  mispiekel  gave  0.4761  gm.  Mg.AsjO^. 
Wliat  is  the  per  cent.  of  arsenic  in  the  oře? 

In  the  following  table  under  the  heading  Sought  we  find 
As,  and  under  Found  we  look  for  Mg2As/)7,  the  form  in  which 
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the  arsenic  was  determined,  and  then  froín  the  column  headed 
Log  we  také  the  logarithm  of  this  factor  multiplied  by  100: 

log.  factorX  100=  1.6837 
+  log.  0.4761  (p)  =9.6777-10 

1.3614 
+  log.  0.5       (q)=9.6990-10 

1.6624 
Number= 45.96  per  cent.  arsenic. 

For  most  analytical  computations  the  accompanying  foor- 
place  logarithms  are  sufficiently  accurate;  where  greater  accuracy 
is  desired  tables  of  five-  oř  even  seven-place  logarithms  may  be 
ušed. 
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Soufcht. 

Found, 

Fiictor. 

Lo*» 

Sou*bt. 

Found. 

Factor. 

Lo«. 

A* 

AgCl 

0  75275 

1.87665 

Ca 

CaO 
CaCO. 
CaS«  £ 

0.71428 
0.4O00O 
0,29398 

1  86387 
1  .60206 

1.46833 

AI 

Aiřn, 

0.53033 

0  22195 

1.72455 
1.34625 

CaO 

CaCOa 

CaSOt 

0.56O0O 
0.41158 

1.74819 

1   61446 

As 

AaA 
A^ 
MftAaA 

0.60931 
í)    1  <U0 
0.48275 

1. 784*4 
1.68431 
1.68372 

ca 

CdO 

CdSO, 

0.87539 
0.53919 

í. 94220 
1,73174 

AsjO, 

MS, 

A«,S. 
Mg.AaA 

0  80429 
0.68800 

0.63723 

1.90541 
1.80488 
1    S0430 

CdO 

Cd 
CdSO, 

1 . 14235 
0.61594 

2.05780 
l   78954 

AsO, 

AsA 

0.99927 
0,79278 
0  79171 

1.99968 
1.89915 

1.80856 

1 

Cl 
CIH 

Aga 
Aga 

0.24724 

0.25429 

1.39313 
1    10533 

ciov 

AgCl 
KC1 

NaCl 

0,58202 
1,11868 

1   426*9 

1.76494 

2  04869 
2  15427 

A*A 

A%S, 
Mg.AaA 

0  93427 
0  74122 
0  74022 

!    !>7l>f7 
l . 86995 
1 ,86036 

C10aK 

AgCl 

0,85507 
1.64343 

1  93200 

2.21575 

AbO, 

As,S, 

AsÁ 

MgíAi>A 

1.12926 

0  89590 
0  8N80 

2.05279 
1   9  "V '"'li 

1.95167 

ClOaNíl 

AgCl 
X:i(1 

0.74278 
1.S2051 

1.87086 
2.28619 

B 
BO, 

2& 

BA 

0.31428 
1  23867 
1  68671 
1.11428 

1,49732 

2.08940 
2.22678 

2,04700 

aol 

Aga 

KCl 

0.69361 
1.333H 
1 . 70000 

1  84111 

2  i^iMi 
2  28046 

Ba 

BaSO, 
Baťr<>, 

054201 

1.76077 
1 . 73401 

C104K 

Aga 

0.06666 
1.86791 

1.98527 
2.26902 

BiO 

BaSO, 
BaCrO, 

0  65707 
0.60513 

1.81761 
1.78185 

Cl04Na 

AgCl 
NaCl 

0  K5437 
2  00102 

1.93165 
2.82008 

Bi 

BjA 

0.88677 

1    11511 

1.05268 

2  04732 

Co 
CoO 

CoSO. 

Co 
CoSO( 

0.38049 
1.27118 

1.68086 
2.10423 

1.68456 

Br 

ApRr 

Aga 

0.42557 
0.55708 

1   62897 
1  74638 

Cr 

RaCrO, 

0.68462 
0  16130 

0  20552 

1  83545 
1    20763 
l  .81286 

C 
CO, 

CO, 

co. 

0.27273 
1,36364 

1  43573 

2  13470 

CrfOa 

PbCKX 

n  11  =juv    <   ot-h  - 

CN 
CNSH 

A5f 

BaSO, 

0  19437 
0  24! 27 
0  24886 
0.25319 

1  28863 

1  38250 
1.30506 
1   40345 

1 1    »«*OW 

0  30020 

1   47741 

CiO, 

pu£a 

BaCrO« 

1.31687 

0.30990 

0.39487 

2,11905 
1.49123 

1   59645 

#  In  this  column  the  log  of  the  fa  e  tor  multiplied  by  100  is  given. 
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Found. 

Factor. 

Lo«. 

Sought. 

Found. 

Faetor. 

Lo* 

Cu 

CuO 
CuS 

0.79900 
0  79806 

Q  52200 

1.90254 
I  9023F 

1  71817 

1 

MgO 

Mgga 

MfcPA 

0.33516 
0.36243 

1.5252.5 
1.559 

CuO 

CuJ? 

Cu,írtis}2 

Cu 

0.99962 

0.65407 
1.25157 

1    99981 

1.81 

2.09746 

lia 

MiiSO. 
MnaO, 

0.36409 
0  63175 

0  72052 

1   56121 
1 .80064 
1   .85765 

F 
F«Si 

CaF. 
CaS04 
CaF, 

0  48718 
0  27920 

0.60855 

1.68769 
l   44605 
1 . 78430 

t  MnO 

MnSO, 
KoyO< 

0.47001 
0 .81553 
0  89013 

1.67211 
1   91144 

i  90661 

Fe 

FeO  , 

0.70000    1.84510 
0.90000    1  95424 

Mo 

MoO, 

0 .66667 

1   82391 

N 

NH 

\H/( 

(NH^PtCl, 

Pt 

0.82298 

0.06296 
0.148CM 

1.91539 
1   41885 
0.79908 
1    15546 

H 

HaO 

0.U186Í   1.04867 

Hg 

■* 

0.84963    1.92923 
0  86202    1  93552 

Ml, 

NH4C1 

MUPtCl, 

Pt 

0.31876 
0  07650 

0.17381 

1   50346 
0  8H369 
l . 24007 

I 

PdJ, 

0.54029    1.73263 
0.70531    l  .84888 
0.88471    1.94680 

NHt 

NH. 

Naci 

•Ml1)..PtClt 
Pt 

1.05920 
0  33763 
0  06108 

o  isím 

2.02498 
U 
0  906 
106 

K 

KC1 
££& 

KCIO. 

K,PICI 

Pt 

0.52480'   1.71999 
0.44907    i 
0.28247    1.45097 
0  16038    1.20515 
9  39929]   1.60162 

NH4C1 

mi, 

(sňatek 

Pt 

3  13716 
0.24001 
0.54527 

2.40664 

1 .38023 

1.73001 

2  31497 
2  56009 
2  00416 
1    44438 
1  80070 

KC1 

KjPtCl, 

Pt 

0.85570!  1  93232 

0.30561 
0.76142 

1.48517 
1.88162 

NO, 

NO 

Mí, 

Mi4a 

(NHgPtO, 

2.06525 
3.63668 

1    15919 
0  27821 

0.63206 

K.0 

KC1 
KSO. 

Křlut 

K,Pt<l 

Pt 

0  63204 
0.54083 
0.34019 

0.19316 
0.48125 

1.80074 
1.73306 
1.53172 

1    2S5SÍI 
1.68237 

NO.H 

NO 

NH, 
NH.Cl 

(NH  ),PtCU 

2.09880 

3 .  69578 
i   L7806 
0  28273 

0.64236 

197 
2  56770 
2  97117 
1.45140 
1.80778 

Li 

1X80, 

LiCl 

0  12768 
0  16549 

1.10612 
1.21877 

Li,0 

LiCl 
I^SO, 

0.35381 
0  37997 

1.54877 
i  43612 

NA 

NO 

MI 
XH 
(XHjjPtCl, 

1    79893 

1.00973 
0  24234 

0  55057 

2  25501 
2.50074 
2  00420 

1   :^H3 
1.740   I 

Mg 

Mg,Pa07 

0.60357 
0 .  20229 
0,21875 

1 .  78073 
1.30597 
1.33995 
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Bought. 

FouncK 

Faetor. 

Log. 

Sousht. 

Found. 

Fact4>r. 

Lo*. 

NQ2 

NO 

1.53262 

2.18543 

Si 

SiO, 

SíO, 
SiOa 

0.47020 
1.26490 

1.67228 
2.10206 

NA 

NO 

1.26631 

2.10254 

Sn 
SnO, 

SnO, 
Sn 

0.78737 
1.27004 

1.89618 
2.10382 

Na 

NaCl 
Na^O, 

0.39402 
0.32428 

1.59552 
1.51092 

Sr 

fiaCO, 

SrSO, 
.SrN,Of 

0.08349 

0.47697 
0.41383 

1.77311 
1,07849 

1.61682 

Na^O 

NaCl 
XajSO, 

0.53078 
0.43683 

1.72491 
1,64031 

Ni 
NiO 

NiO 
Ni 

0.78581 
1,27257 

1.89632 
2.10468 

Th 

ThO, 

0.87879 

1   94388 

Ti 

TiOs 

0.60050 

1.77851 

P 

MgP07 
PA.*4MíiO, 
POt(NH;)a  T 

12M00,  í 

0.27837 
0.01723 

0.01639 

1.44463 
0.23028 

0.21448 

U 

Vfik 

UO, 

0.84879 
0.88213 

1.92880 

1.94553 

PO- 

MfitPA 

Pí*     'UMní  1 

f)  S5309 

ji   iloli 

1.93099 
0.72263 

0.70084 

V 

▼A 

0.56140 

1.74927 

«,&;!£■  f|  0-™ 

w 

WOa 

w 

0.79310 
1.26087 

1.10181 

2,10081 

PA 

H&PA 

I'i'v.-.'1M..<> 

0,6375S 
0.08948 

0.03753 

1.80453 
0.59616 

0.57438 

Zn 

ZnO 

ZnS 

0.80844 
0.67104 

1 .00180 

1.82875 

ZnO 

ZnS 

Zn 

0.83521 
1.24461 

1.92180 

2,09505 

S 

BaS04 
BiSO, 

BaSQ. 
BaSO. 

BaSO, 

fl   13TB9 

1      197«M 

0.27439    1.43K37 
O.34203L   1.53520 
0.41146    1.61433 
0.42009    1.62336 

Zt 

ZiO, 

0.73899 

1.86864 
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190 

TABLE    OF    INTERNATIONAL    ATOMIC 

HEIGHTS. 

Name. 

Syni.    O -16. 

H-l.   I 

Name. 

3ym. 

0-16. 

H-l. 

Aluminium,  .  . . 

AI 

27.1 

26.9 

Molybdenům.  .. 

1 

9(5  0 

95  3 

Antimony 

8b 

120.2 

119  3 

\r<MÍvtniuin 

XI 

i  u  B 

Argon 

A 

39  9 

39.6 



\<- 

20 

19  g 

Arsene 

Barium 

As 

75  0 

74.4 

Nickel 

Ni 

14  IM 

13  93 

Nitrogen. 

bismuth.. 

Bi    208.5 

206.9 

1  Vinním.  ... 

IVs 

191 

Boron. ........ 

Br      79.9tí 

10  9 
79  36 

Oxygen 

Palladium. 

0 
Pd 

16.00 

106  5 

106  7 

Bromine 

C&dmium 

Od    112.4 

111.6 

Phosphorua 

P 

31-0 

30  77 

Círsium.  . ,  .... 

32  9      L31  9         Plaiinum 

Ft 

193  3 

Calcium 

Ca     40  1        30  7 

Potassium 

K 

39.15 

Carbon 

12  0f>      11   91 

Praaeodvmíum . . 

Pr 

i  io  ;, 

Ceriuin 

Oe    l  10  25    199  2 

Radium 

Ra 

Ghlorine. , 

Cl       35  45 

36.18 

lílioilium, ...... 

Rh 

103.0 

L02  2 

Chrwnium 

Cf      52  1 

51  7        Rubidium 

líh 

B4  0 

Colwili .  . 

Co      59.0 

Ruthanium 

au 

loi   7 

Ootumbiui 

triům 

150.3 

140.2 

ohimui 

Cb     94, 

93  3          S-íímlium 

-U    1 

42  v 

Oopper. 

Erbium. 

Cu      63,6 

ftf    1 

i  um,  ...... 

7! i    2 

i:     L66. 

m 

riíit- 

1        19, 

18,9 

r 

Ap 

107.93 

107  11 

Gadolinhim.  .  , . 

Gd  156. 

Bodlům*  , 

Na 

Gal!  i  um. 

Ob 

70. 

69  5 

Slnintium. 

Sr 

QennaniuitL  . . 

Ge 

72  5 

72 

Sulplmr 

32  06 

31  >2 

Glurinum     (Be* 

1 

TanLalum.    .... 

Ta 

163. 

IM    6 

rvlliiiiiu 

G1 

9.1 

9  03 

Tellurium 

Ti     127.6 

Goíd 

Au 
He 

197  2 

1 

195  7 
4 

Terbium.. 

Thallium 

ii.  ieo. 

TÍ     204   l 

202.6 

JIH  i  um. 

Hydrogen 

a 

1.008 

1   000 

Thorium 

Th    23 

'230.  s 

Indium, 

ln 

1 1 5 

114.1 

Thulium 

Tni 

171. 

ludine.  .  . 
Iridium 

I 
Ir 

126.97 
193  0 

126  lil 
191  8 

Tin 

Ti 

119  0 

is    1 

lis   1 
47  7 

Titanium 

Iron.     ........ 

Fe 

55.9 

55  5 

-ten.  ...... 

W 

164.0 

Krypton 

K 

M.H 

ví    2 

Uranium. 

Lanthaimm.  ,  , 

u 

137  9 

dium 

V 

51.2 

Lead 

n> 

Li 

306  9 

7  03 

X 

12  v 
173.0 

Í27 
171  7 

Lithium 



rbium 

Magnesium.  .  . . 

Mg 

24.36  i 

24   18 

Yttrium 

S 

&9.0 

Manganem.. , . . 
Mercury 

Mn 

65  a 

200,0 

54, a 

Zinc 

Zn 
Zr 

65.4 
90.6 

64  9 
89.9 

Zirconium 

INDEX. 

A 

Ammonium  (Ammonm),  53 

Colorinut  riik  D  firmmation,,  56 

Acetic  Add,  288,  468 

Gas-volumetric  Determination,  622 

Aeetie  Anhydride,  469 

In  Dríokm^wmter,  56 

Aoetylone,  <57i 

Volume*  ric  Determination,  446 

Acidi metry,  426 ř  457 

Antimony,  168 

A  lkali    Birarbonates,  Determination 

Separation  from  Arsenie,  181 

of,  450 

Separation  from  Arsenie  and  Tin, 

I  n  Prese  u  re  of  Carbonates,  451 

194 

Alkali  Carbonatee,  Determination  of, 

Separation    from   Mercuiy,    Lead, 

44s 

etc\,  177 

In  Presence  of  Bicarbonates,  451 

Separation  from  Metals  of  Group 

In  Presence  of  Hydroxidem,  449 

III.  177 

Alkalius,  Separation  of ,  40 

Separation  from  Tinr  188 
Volu  met  rie  Determination,  534 

Determination  of  Silieates,  394 

Alkali  Hvdroxides,  Determination  of, 

Arsenic.  164 

444 

tolorimetrio  Determination,  166 

In  Presence  of  Carbonates,  449 

Separation  from  Antimony,  181 

Alkalimetry,  426,  444 

Separation    from    Antimony    and 
Tin,  194 

Alkali  ne  Earth  Biearbonates,  Deter- 

mination oft  454 

BepftratSon    from    Mercury,    Lead. 

Alka lii iv    Kitrth    Carbonates,    Deter- 

etc.,  177 

n  linut  ion  of,  452" 

Separation  fmtn  Metals  of  Group 

III.  177 

AI  kalině    Earth    Hydroxi  des,  Deter- 

mination of,  452 

Yolinnetric  Detennination,  534 

Alkalíne   Earth  Salts,  Determination 

Assny  for  Gold  and  Silver,  197 

of.  456 

AřibfStoa  Hlt ere,  24 

Aluminium.  75 

Detennination  in  SilieateH,  39 1 

B 

Separation  from  Chrorniuni,  100 

Balance,  Aecuracy  oft  6 

Separation  from  Metals  of  Group 
II,  108 

Sen  si  t  i  \  eness  of,  7 

Barium,  69 

Separation  from  Iron,  94 

Determination     in    Silieates    and 

Separation   from    Iron   and    Piios- 

Rocks,  394.  405 

phoric  AcitJ,  97 

Separation  from  Oaleitirm  73 

Separation   from  Magnesium,  Cfcl- 

Separation  from  Mu  Ernestům,  73 

cium.  Strontimmand  Uurium,  94 

Separation  from  Struntiuin,  74 

Separation  from  Man  panoše*  Nick- 

Separation   from  Metals  of  Group 
III,  94,  119 

el,  Cobalt,  and  Zině.  121 

Separation  from  Títanium.  103 

Separation  from  Metals  of  Group 

Separation  from  Uranium,  104 

11,153 
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Barium,  Volumetrio   Determination, 

Caleium,  Volume tric  Determination, 

trn 

491 

Bearing  Metal,  Anály* ta  of,  192 

Calibration  of  Bu ret  tes,  417 

Benzol  ££ea*eae),  D* 'tormin ation  in 

of  Mrnniring  ftnilrf .  414 

ti;i*  Mixturo, 

of  Pipet  tea,  415 

pémtSon  from  Ethylene,  572,  621 

Carbon,  Determination  in  Iron  and 

Btsmuth,  141 

Steel,  313 

Scparatkiu     from    Arseuic,    Anti- 

Determination    in    Organic    Sub- 

BiOQj.  and  Tin,  177 

Htancefl,  323 

-  :it  101 1  from  Copper  and  Cad- 

Carbon  Dioxide  (see  Carbonic  Aeid) 

iiiiurn,  15$ 

Carlioiiir  Aeid,  292 

Separation  from  Lead,  155 

Free,  Determination  of,  472 

!>aralion  from  Mercury,  155 

Gas-analyticaJ  Determination,  567 

Separation  from  Metala  of  Grou|» 
III,  IV,  and  V,  m 

In  the  Air,  475 

In  Klectrolytic  Chlorine,  614 

Separation  from  Tellurium,  217 

Tn  nmmmatmg^aa,  590,  599 

Bitter-ulmoml  Water,  259 

In  Minerál  Watens,  299 

Borda'*  Method  of  Weighing,  9 

In  the  Presence  of  N,0,  NO  and  X, 

Boříc  Add,  337 

613 

Vohimctrte  Dctertuiiiation,  471 

Gaa- volume  tric        Det  erm  ina  t  ion. 

Brat**,  Aimlvabi  of,  153 

301,567 

Broininc,     betcniiination     in     Non- 

VoJumetric  Det<  nninttion,  472 

etectrolytei,  247 

Carbon  Monoxide,  575,  001 

Deternúnation  ía  Minerál  Waters, 

Quabtative  Detcction,  6SI 

521 

Carius,  Method  for  Detemiining  Hal- 

Gravinietrie  Determination,  251 

n^pni?,  247 

Separation  from  Chlorine,  256 

Cerium,  Gaa-volumetrir  Determina- 

Separation from  Iodine,  2:>7 

tion,  627 

Vohimetlio      Determination,     516, 

Yolumvtric  Deternúnation,  526 

520,  545 

Cbemicft]  Factore.  Table  of,  639 

Bronze.  AiiuIykm*  of,  178 

CUofftttet,  Analyaia  of,  364,  498,  530 

Buute,  Apparatus  for  Gad  Anály  sis, 

Clilorie  Aeid.  364 

60ti 

ln   the   Presence  of  Perchlorates, 

Buretteji,  412 

mi 

Calibration  of,  417 

In  the  Presence  of  Perrhloric  and 

H v  clroeUo rir  Aeid«,  367 

C 

Vohimetric     Determination,    4fíH 

Cadmiuin,  150 

680 

Separation     from    Arsenic,    Anti- 

Chlorine, Gravimetrie  Determination, 

mony,  and  Tin,  177 

242,  240 

Separation  from  BLeinuth  (cf.  Bb- 

Gaa-analytieal  Determination,  614 

mttthV  155 

In  Inrolúble  Chloride*,  245 

Separation  from  Copper,  160 

Tn  \on-elpetrolvtes,  247 

Separation  from  Lead,  160 

In  líoeks,  246 

Separation  from  Mereury,  155 

Separation  from  Bromine,  256 

Separation  from  Metala  of  Groupe 
[II.  IV,  and  V.  L63 

Separation  from  Cyanojsen.  261, 547 

Separation  frorn  Iodine,  253 

Caleium,  65 

Separation  from  Sulphocyanogen, 

Deierminatimi  in  Silicatea,  393 

283,  549 

Separation  from  Barium  andStron- 

Vblumetric     Determination     515, 

tiuin.  73 

544 

Separation  from  Magnesium,  70 

Chlorine  Ga«.  Kxamlnation  of,  614 

Separation  from  Metals  of  Group 
111,94,  119 

Chromatea,  (iravimetric  Determina- 

tion, 90 

Soparation  from  Metala  of  Group 
II,  153 

Volumetric    Determination,    501, 

525,  530 

INDEX. 
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Chrň  1  nic  Acid  (eee  Chromáte*) 
Chromíte  (Chrotne-iron  Ore),  Analy- 

ms  of,  407 
Chrom  i  um,  90 

Determination  in  Iron  Gres  and 

Kockfl,  337 
Detennination  in  Pig  Iron,  238 
Separation   from   Alkaline  Eartha 

and  Magnesium,  04 
Separation  frorn  Aluminium,  100 
Separation  from  Iron,  99 
Separation    from    Xickel,    Cobalt, 

Manganege,  and  Zinc,  121 
Volu  metric     Determination,     502, 

525,530 
Cobalt,  115 

Separation  from   Alkaline   Eartha 

and  Magnesium,  1 19 
Separation  from  Manganem,  129 
Separation  from  Metala  of  Group 

III,  121,  123 
Separation  from  Metala  of  Group 

II.  153 

Separation  from  Nírkel,  130 
Separation  from  Zinc,  125 
Collertiou  and  Connnement  of  Gaaea, 
555 
Combuation  (Elementarv  Analvsis)  t 
323 
Combuation  of  Gaae*.  877 
(n)   By  Exploflion.  678 

(b)  Bv  Method  of  Drvh«<hmidt,579 

(c)  Bv  Method  of  Winkler-Dennia, 
rm 

(d)  Fractional,  579 
Copper,  144 

Aiitlvsis  of,  for  Srlmium  and  Tel- 

luriutn,  220 
Separation    from     Arsenic,     Anti- 
mony and  Tin,  177 
Separation  from  Hiamuth,  15S 
Separation  from  Caduuuni,  1-H0 
Separation  from  Lead.  150.  100 
BepftimtioD  from  Utnuty,  Lifi 
BfmrntifTn  from  Metala  of  Groupa 

III,  IV,  and  V,  153 
Cyanic  Acid,  288 

"In  the   Presence  of  Carbonic  and 
Hydrrwvanic  Aeida,  288 
CynnoRen.  2S0 

I  ti  the  rnwnci'  of  Ibdogena,  261, 

547 
In  the  Presence  of  Sul phocvanojsen, 

263,  548 

In  the    Presence  OÍ  CUlorine   and 

Sul  phoc  vano  gen. 
Volumetric  Determination,  546 


Deaiccator,  21 

Distrihutirm  Ooefficienfc,  519 

Drehachmidt,     Apparatus    for    Gaa 

Analyaia,  506 
Dryinjr  of  Preeipitatea,  19 
DrviriR  of  Substance*  in  Currenta  of 

Gaaes,  30 
Drying-oveiiH,  23,  30,  31 

E 

Ethylene,  568 

Determination  (Ha ber).  619 
Separation  from  Benzol,  572,  621 
Evaporation  of  Liquids,  27 
Exploniun  Pipette  (HempeTa),  578 

F 

Fahlcns,  Analyaia  of .  278 
PetliQ  Iron,   Volnmetric  Determina- 
tíotL  37,  582.  687 

Ferroua  Iron,  Volurnetrie  Determina- 
Uon,  79.  481,  483,  501 
I  M<  rmiiiation  in  Siíieatea,  400 

FUters,  18,  24 

RltraUon,  16 

Fluorine,  Determination 

(n)   In  InftnluiiJo  Fluoride*,  372 
(b)   In  Minerál  Watera,  373 

Fluorine,  Gaaometric  Determmation, 
:í7íi 

farmaldehyde,  (Formaline),  536 

Forrnii    Aeí.i,  V\.limie1ríe  Determina- 
tion, 193 

Fractional  Comhuatinn,  579 

Fuming  Acida,  Analysia  of,  461 


Gaa  Analvms,  654,  587 

Technical,  597 
Gaa-cornbiiKtion  Pipette,  604 
Gaaca,  Colte<  u«,ii  and  (nnhnemeatof. 

555 
Qftl  vnloinetric  Mtithodt,  081 

BfMkir  <JaKr  Aiiníysis  qL   ">*7 
Gold,  iH-tenniímtiuh  w  bhc  Drv  Way, 

197 
DeLenninatiou   in  the    Wct  Way» 

Drtarnrínation  in  Ores,  201 
Sennration  from  Silver,  200 

íioorh  Cru  cihle*,  22 

Gravimetric  AnaJyaia,  ít  35 
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H 

HydroftuoBÍlicíc  Acid,  861 

Voiumetric  Detennination,  467 

BUogflnB,  Separainm  from  One  An- 

Hydrogen,  5*3 

otfeer,  263 

l  u  t«nnínatk>n  in  IUumiuating-gaa, 

Harttuess  of  Water,  455,  456 

592,  601 

linuj m1,    Apparatm    for    Exaet    Gas 
AunlvHs,  688 

Detern linut iun    in    Organic    Sub- 

stances,  323 

Apparatus  for  Technieal  Gas  Analy- 

Hydrogen  Peroxide,  493 

mi 

Methodi,  625 

Hood,  27 

Hydrogen  Sulphide,  Colorimetric  De- 

llvdriodic  Acid,  25*2 

i« TTi ňnat ion.  273 

Separation  from  Hvdrohromic  and 
Hydrochloric  Acíds,  253,  257 

Expulsion     from     Insoluble     Sul- 

phádea, 

Separation  from  Hydroeyanic  Acid, 

Grnvimcfri.    1  >►  n  nnination,  268 

I n  Minerál  Waters,  534 

Vohimetric  Delerrnination,  517 

Yuhintrtrir  Detenmnation,  533 

Hydrobromie  Acid.  251 

IIvdn>,<ulpliuric  Acid  (see  Hydrogen 

l  >Herniinatiou  iu  Minerál  Watere, 

Sulphide),  2l>S 

521 

Ilvdroxvbíminc,  467,  496 

Detennination  in  Presence  of  Hv- 

HypodJorotM  Acid.  53(1  680 

droehloric  and  Hydriodta  Arids, 

In  thc  PlOJeiloe  of  Chlorine,  516 

257 

HyjHipltospl Mimus  Acid,  289 

Detcrn línat  ion  in  PmofMN  of  Hy- 

In    thc    Prcíicncc   of    Pliosphoroua 

anic  Acid,  261 

Acid,  291 

Voiumetric     Detennination,     520, 
516 
Hvdrocarboue,  Heavy,  56S,  592,  599 

I 

IlJuminating-gaa,    Analvsis   of,    5S7, 

Hydroelitnrie  Acid 

897 

Beparation      from      Hvdrobruraic 

Indirators,  426 

•      Add.  266 

Indirect  Analyses,  2,  256 

Separation  from  Hvdmc  vánic  Acid, 
261 

Iuouartafi<m,  197 
lodic  Acid,  342 

Separation  from  Hydroeyanic  and 
Bulphocyanic  Arids,  549 

lodi  met  rv,  505 

locfine,  252 

Separation    from    Hydmgen,    251 

Detennination  in  Minerál  Watere, 

Separation    from    Hydrogen    Sní- 

521 

phide,  251 

Dctcrinination  in  Non-electrolytei, 
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*  Ballistic  Tablet.  . . .   8vo, 

*  Lyons's  Treatise  on  Electromagnetic  Phenomena.  Vola.  I.  and  II. .  Svo.  eacť. 

*  Mahanps  Permanent  Fortifications,     (Mercur. ) 8vo,  half  morocco. 

Manuál  for  Courts-martial. ...  i6mo,  morocco, 

*  Mercur*s  Attack  of  Fortified  Placet tamo, 

*  Elements  of  the  Art  of  War 8vo, 
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Metcalťi  Cost  of  Manufartures— And  the  Administration  o!  Workshopa     8vo, 

*  Ordnance  and  Gunnery.     2  vola. .  .  . . . 1  anio, 

Murray*a  Infantry  Dril]  Regulatíons ,,i8mo,  páper, 

Kixon'3  Adjutants1  Manuál  ....... .   24x00, 

Peabody*s  Naval  A  re  hi  tec  ture.  .  .  . . Bvo, 

*  Phelps*&  Practical  Marina  Surreying 8vo» 

FowelFs  Afiny  Officer's  Examiner.  lamo. 

Sharpe +t  Art  of  Subsisting  Armies  in  War i8mo,  morocco 

*  Tu  pes  and  Poole's  Manuál  of  Baronet  Exereises  and   Huskelry  Fencing. 

34100,  leather, 

*  Walke*s  Lectures  on  ExplosiVes. 8vo, 

*  Wheeler**  Síege  Operations  and  Military  Mining. . , . . . » , 8vot 

Winthrop*s  Abrídgruent  of  Military  Law umo, 

WoodhuU*a  Notes  on  Military  Hygieně torno, 

Voung"*  Simple  Elements  oř  Navigation jómo,  morocco, 
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ASSAYING. 

FIetcher'a  Practical  Instructlone  in  Q/uantitative  Assaying  with  the  Blowpipe. 

umo,  morocco, 

Furman's  Manuál  of  Practical  Assaying. 8vo, 

Lodgťs  Notes  on  Assaying  and  Metallurgical  Laboratory  Experiments         8vo, 
Low's  Technical  Methods  of  Oře  Analysis.  8vo. 

Miller's  Manuál  of  Assaying.  tamo, 

Mineťs  Productíon  of  A  laminům  and  its  Industrial  Use.     (Waldo.),  ...  umo, 

0'DriscoU's  Ifotes  on  the  Treatment  of  Gold  Ores 8vo( 

Rieketts  and  Miller"s  Notes  on  Assaying Bvo. 

Robině  and  Lcnglsn*&  Cyaníde  Industry.     f  Le  Clerc.) 8v^ 

TJlkes  Modern  Electrolytic  Copper  Refinirjg.  .  . fevo, 

Wilson'*  Cyanitíe  Proeesses iamo, 

Cblonnation  Process,  ... umo, 

ASTRONOMY, 

ComstociTs  Field  Astronomy  for  Engineers. . .  . Sto, 

Craig*s  Azimutb.  .  4*0, 

Doolittle*s  Treatise  on  Practical  Astronomy 8vo» 

Gore**  Elements  of  Geodesy 8vo, 

Hayforďs  Te*t-book  of  Geodeti  c  Astronomy.  ,  ,  8to, 

Merriman's  Elements  of  Precise  Surreying  and  Geodesy 8vo, 

•  Michie  and  Harlow*s  Praciical  Astronomy.  .  Svo, 

*  White*s  Elements  of  Tbeoretical  and  Descriptíve  Astronomy tamo, 
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BOTAIfY. 

Da^enporťs  Sut  lsti  ca  1  Methods,  with  Speciál  Reference  to  Biologie*  I  Variatioa. 

1 6mo.  morocco,  1   25 

Thom>    and  Bennetťs  Structural  and  Physiologicaí  Botany i6mo,  a  35 

Westerrnaíer*s  Compendium  of  General  Botany.     (Schneider.). 8vo,  2  00 

CHEMISTRY. 

Aáriance"s  Laboratory  Ca  kula  ti  ona  and  Specific  Gravity  Tables umo.  1  as 

Allena  Tablea  for  Iron  Analysis,  ,  .  . Bto,  3  00 

Arnold' i  Compendíum  of  Chemistry.     (Mandel.) Small  Sto,  3  50 

Austen's  Notes  for  Chemical  Studenta  .    . umo,  1  50 

BernadoVs  Smokeless  Powder. — Witro-cellulose,  and  Tneory  of  the  CelfuJoae 

Molecule 1  amo,  3  50 

♦  Browming"s  Introduction  to  the  Rarer  Elements. 8vo,  1  50 
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Bru*h  And  Penflelďa  Manua!  of  Determinative  Mineralogy, jvo, 

ClasserTs  Quantitative  Chemical  Analysis  by  Electrolysis.  (Boltwood.K  8vo, 
Cohnfs  Indicators  and  Test-papers umo, 

Tests  and  Rcagents. ,  8vót 

CrHÍts's  Short  Course  in  Qualitative  Chemical  Analysis.   (SchaeťfeiO,      umo, 

DoleíaIek's   Theory  of   tfae   Lead   Accumuktor   (Storage   Battery).         (Von 

Ende. ).  ...  umo, 

Drechsďs  Chemical  Reactions.     (MerriHA  ...  umo. 

Duhem's  Thermodyrtamtcs  and  Chemistry.     (Burgess.) . ,.   8vo, 

Eisster'8  Modern  High  Ex  plosi  ves.  ,.  8vo, 

Effronťs  Eniymes  and  tbeir  Applications.     (Prescott.)    .  ,•««    8vo, 

Erdmann's  Introduction  to  Chemical  Pteparations,     <  Dun  lap.  i umo. 

FJetcher's  PracticaJ  Instructiona  in  Quantitative  Assaying  with  the  Elowpipe. 

lamo.  morocco, 
Fowler's  Sewage  Works  Analyses  umo, 

Fresenius's  Manuál  of  Qualitative  Chemical  Analysis.     {  Wells. ).        .  8vo, 

Manuál  of  Qualitative  Chemical  Analysis.  Part  1.  Descriptive,  (Wells.)  Sto. 

System  of    fnstruction    in    Quantitative   Chemical    Analysis.      (Cohn,) 

2   vols.  ...  8vo, 

Fuertes's  Water  and  Publk  Health.  ......  umo, 

Furman'5  Manuál  of  PracticaJ  Assaying.  , . . 8vo, 

*  Getman*s  Exercises  in  Physical  Chemistry i  imo, 

GilTs  Gas  and  Fuef  Analysis  for  Engíneers. ...  umo. 

Grotenfelťs  Principles  of  Modem  Dairy  Practtce.     t  Woll.  J.  „ , , ,  tamo, 

Grotlťs  Introduction  to  Chemical  Crystallography  (Marshall    .  umo, 

Hammarsten's  Text-book  of  Physiological  Chemistry.  (Mandel.).  .  8vo. 
Helnťs  Principles  of  Mathematical  Chemistry.      i  Morgan.  ■.  .  .  umo, 

Hering*s  Ready  Reference  Tablea  (Conversion  Factori) lómo,  morocco, 

Hinďs  Inorganic  Chemistry.  ,  .  .  ,8vo. 

*  Laboratory  Manuál  for  Studenta  umo, 

HollemarTs  Text-book  of  Inorganic  Chemistry.     (Cooper).  .   8vo, 

Text-book  of  Organie  Chemistry.     i  Waiker  and  Mott.].  8vo, 

*  Laboratory  Manuál  of  Organie  Chemistry.     (Walker.)  umo, 

Hopkins"s  Oíl-chemísts*  Handbook 8vo. 

Jackson's  Directions  for  Laboratory  Work  in  Physiological  Chemistry.   8vo, 

Kec  p's  Cast  Iron.  ...  8ro, 

Ladďs  Manua!  of  Quantitative  Chemical  Analysis   .  .umo 

Landauer*s  Spectrum  Analysis.     íTingleA  .  .  8vo, 

*  LaDgWorthy   and   Austen.         The  Occurrence   of  Aluminium   in   Vegetable 

Products,  Animal  Products,  and  Nátura!  Waters  8vo, 

Lassar-Cohn's  Practical  Urinary  Analysis.     (Lorenz,  umo, 

Application   of  Some   General   Reactions    to    Investígatíons   ín  Organ  i  c 

Chemistry.      íTifíRle.  umo, 

Leach's  The  Inspection  and  Analysis  of  Food  with  Speciál  Reference  to  State 

Controt. 8vo, 

L"b*s  Electrochemistry  oř  Organie  Compound*.     <  Lorenz  i.  8vot 

Lodge'9  Notes  on  Assaying  and  Metaíltirgical  Laboratory  Experimenls. ..  ,8vo, 
Low's  Technical  Method  of  Oře  Analysis.  8vo, 

Lunge's  Techno-chemical  Analysis.     (Cohn. ).  , ,  .  ,  , umo 

*  McKay  and  Larsen*s  Principles  and  Practice  of  Butter-making 8vo, 

Mandel'*  Handbook  for  Bio-chemical  Laboratory umo, 

*  Martin**  Laboratory  Guide  to  Qualitative  Analysis  with  the  Blowpípe .  limo, 
Mason's  Watcr-supply,     (Considered  Principally  from  a  Sanitary  StandpoinL) 

$Ů  Edition,  Rewritten.  .  ......   8vof 

Examination  of  Water.     (Chemical  and  Baeteriological.  umo, 

Matthew's  The  Textile  Fibres  8vo, 

Meyer's  Determination  of  Radicles  in  Carbon  Compounds.  íTínglcA  iatfiO« 
Miller's  Manuál  of  Assaying.  i 

Mineťs  PToduction  of  AJurnínum  and  its  Industrial  Use.     t  WaJdo.).  .      umo, 

Mixter's  Elementary  Teit-book  of  Chemistry .tamo, 
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Morjjan'5  Au  Outline  of  the  Theory  of  Solutions  and  Lts  Results                tamo,  t  oo 

Klementa  of  Physical  Chemistry •  ••■•• m -  •  .iamo,  *  oo 

•  Physical  Chemistry  for  Electrical  Engineers umo,  i  50 

Morse*s  Calculations  ušed  in  Cane  sugar  Factories. i6mo,  morocco,  j    50* 

Mullikenra  General  Method  for  the  Identification  of  Fure  Organk  Compounds. 

Vol,  1.  .  .  .                                                                                     Large  8vo,  5  00 

0'Brine's  Laboratory  Guide  in  Chemical  Analysis .   8vo,  2  00 

0'Driscoirs  Notes  on  the  Treatment  of  Gold  Orrs.                           8vo,  2  00 

Ostwalďs  Conversations  on  Chemistry.     Part  One,     '  Ramieyo lamo,  1   50 

"                    "               "           "             Part  Two.     (TurnbulJ.  1 umo,  2  oo> 

*  PenfkkTs  Notes  on  Determinative  Mineralogy  and  Record  of  Minerál  Teeta. 

8vo,  páper,  50 

Picteťs  The  Alkaloid!  and  theír  Chemical  Constiťution.     (Btddle.) ....  8vo,  5  oo> 

Pinner*s  Iotroduction  to  Organic  Chemistry.     (  Austen.) umo,  1   50 

Poole'5  Calorific  Power  of  Fuels.  ....                                                         .  . .  ,8fO,  J  00 

Prescott  and  Winslowřs  Element*  of  Water  F-actertology,  with  Speciál  Refer- 

ence  to  Sanitary  Waier  Analysis. ...                                             umo*  1  as 

*  Reisig*s  Guide  to  Piece-dyeing 8vo,  35  00 

Rkhards  and  Woodm»n*s  Air, Water,  and  ^ood  írom  a  Sanitary  Standpoint,  .8vor  2  00 
Rkketts  and  Russelfs  Skeleton  Notes  upon  Inorgaoíc  Chemistry.     (Part  1. 

Non-metailic  Elements                                                        8vo,  morocco,  75 

Ricketts  and  MiIIer+s  Notes  on  Assaying.                                                            .    8vo,  3  oo> 

RtdeaTs  Sewage  and  the  Bactcnal  Purlfication  of  Sewagr                         .      8vo,  3  50 

Disinfection  and  the  Preservetion  of  Food.  ,  .                                            8vo,  4  oo< 

Riggs*s  Elementary  Manuál  for  the  Chemical  Laboratory                    .  .  .  .   8vo,  1   25 

Robině  and  Lenglen's  Cyanide  Industry.       Lc  CJerc.  .  .  ,  .                             8vot  4  00 

Rostoski's  Sérum  Diagnosis.     (Bolduan.  1.  .                                                     iamot  x  00 

Ruddiman'&  lne  o  m  pat  i  bili  ti  es  in  Prescriptians.                                               ,    8vo,  2  co 

*  Whys  in  Pharmacy ....                                                                            umo.  1  00 

Sabln's  Industrial  and  Artiatic  Technology  of  Faints  and  Varnisb.  , 8vo,  3  00 

Salkowskťs  Phyaiological  and  Pathological  Chemistry.     iQrndcrřY. ).  ,  .      8vo,  2  50 

Schimpfs  Teat-book  of  Yohimetric  Analysis.  .                                              umo,  2  50 

Essentials  of  Volumetric  Analysis umo,  1   25 

*  Qualita  ti  ve  Chemical  Analysis  8vo,  1  25 
Sroíth's  Lecture  ffotes  on  Chemistry  for  Dental  StudenU.  ,  .  .  ,..,,  8vo,  2  50 
Spencer*s  Handbook  for  Chemists  of  Beet-sugar  Houses.  .  .  .  .  i6mo.  morocco  3  00 

Handbook  for  Cane  Sugar  Manufacturers.                            i6rao,  morocco,  3  00 

Stockbrtdge1*  Rocks  and  Soils.                                                                        .  .  ,    8vo.  2  50 

*  Tillman'*  Elementary  Lcssons  tn  Heal                                                    Sto,  i  50 

*  Deseri plive  General  Chemistry.  8vo,  3  00 
Treadwell's  Qualitative  Analysis*     (Halí  ■_                                                  8vo»  3  00 

Ona  nti  ta  ti  ve  Analys  i  s.     tHaJl.  >.                                                                    8vo,  400 

Turneaure  and  RusselTs  Public  Water-supplies                                                 8vo,  5  00 

Van  Deventer*s  Physí  ca  I  Chemistry  for  Beginners.     (Boltwood.                umo,  150 

*  Walkers  Lectures  on  Exp]  osiv  es.  .  8vo,  4  00 
Ware's  Beet-sugar  Mantifacture  and  Refining  Smáli  8vo>  clotb*  4  00 
Washington*!  Manuál  of  the  Chemical  Analysis  of  Rocks,  8vo.  2  00 
Wasserman n 's  Immune  Sera :  Hasmolysina,  Cyto  toxins ,  and  Přec ipi lina.    t  Bol* 

duan.                                                                                                 nmo,  1  r>o> 

Wehreníennig"*  Analysis  and  Sof teningof  Boiler  Feed  Water                     8vo,  400 

Well*'s  Laboratory  Guide  in  Qualitative  Chemical  Analysis 8vo,  1  50 

Short  Course  in  Inorganic  Qualitative  Chemical  Analysis  for  Engineering 

Studenta.  .  .                                                                          umo*  1  50 

Text-book  of  Chemical  Arithmetk , I  imo,  t  as 

Whipple^s  Microscopy  of  Drinking- water 8vo,  3  50 

Wilson'»  Cyanide  Processes                                                                               umo,  1  50 

Chlorination  Proces*. ...                                                                        I  Jmo,  t  50 

Winton't  Microacopy  of  Vegetable  Foods.  .  8vot  7  50 
Wulling's    Elementary    Course    in  Inorganic,  Pharmaceutical,  and  Medical 

Chemistry, , um©,  *  •* 
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Baker*s  Engineers'  Surveylng  Instruments umo, 

Bixby*s  Graphical  Computing  Table.  .  • .  Paper  loj  •  24Í  inches. 

*♦  Burr  *s  Aneient  and  Modem  Engineering  and  the  Isthmian  Cam» *.     (Postatě, 

37  cent*  sdditignal  > ....      8to. 

Comstock'8  Field.  Astronomy  for  Engineers. . ...    ........   8vo, 

Davis*s  Elevatíon  and  Stadia  Tablcs. . . Sto, 

EUiotťs  Engineering  for  Land  Drainage.  .  . é ,  umo. 

Practical  Farm  Drainage. .  . ,  urno, 

*FÍebeger*s  Treatíse  od  Civil  Engineering . .•...,, 8vo, 

Flemer'5  Ph ototopograpb.it  Methods  and  Instruments.  8vo, 

ForweU*s  Sewerage,     t  Designing  and  Maintenance, ) 8vo, 

Freítag1*  ArchitecturaJ  Engineering.     2á  Edition,  Rewritten 8vo, 

Frencb  and  Ives*s  Stereotoray ■  •*♦« 8vo, 

Goodhue1*  Munkipal  Iraprovernents.  . umo, 

Goodrich's  Econornk  DispogaJ  of  Towmf  Refuse . 8vot 

Gore's  Elements  of  Geodesy.  ...  ............. 8*0, 

Hayforďs  Teit-book  of  Geodetic  Astronomy 8to, 

Hering's  Ready  Reference  Tabies  (Conversion  Factors> i6mo,  morocco, 

Howe's  Retaining  Walls  for  Earth.  rámo, 

*  I  ves'*  Ad  ju  stměn  ts  of  the  Engineer*s  Transit  and  Level i6mo,  Bds. 

John$onfs  (J.  B.)  Tbeory  and  Practice  of  Surveying.  ,  Srna  11  8vo, 

Jobnson's  (L.  J.)  Statics  by  Algebraic  and  Grajíhic  Methods 8vo, 

Laplace*s  Philosophical  Essay  on  Probabilit  i  es.     |  Truscott  and  Emory. ) ,  1  amo, 
Mahan's  Treatíse  on  Civil  Engineering.     (1873.)     (Wocm! .).. 8vo, 

*  Descriptive  Geometry.  .,  .  , . Bto 

MejTÍman'*  Elements  of  Precise  Surveying  and  Geodety 8to, 

Merriman  and  Bro-oks*!  Handbook  for  Surveyors.  ...  , i6mof  morocco, 

Itugenťs  Plane  Surveying. 8vo» 

Ogden's  Sewer  Design iamo, 

Parsons's  Disposal  of  MunicipaL  Refuse.  .     .  8ve, 

Patton's  Treatise  on  CivíJ  Engineering. 8vo  halí  leather. 

Reeďs  Topographicai  Drawing  and  Sketching  ,    , 4to, 

Rideaťs  Sewage  and  the  Bacterial  Purifkation  of  Sewage Sto, 

Siebert  and  Biggin's  Modem  Stone-cutting  and  Masonry.  ,  .  . .  .  8vo, 

Smittťs  Manuál  of  Topographicai  Drawing.       McMílUn.  > , . ,. 8to, 

Sonderícker'9  Graphíc  Statics,  with  Applications  to  Trusses,  Beams,  and  Arches. 

8voř 
Taylor  and  Thompsonřs  Treatise  on  Concrete,  Plain  and  Reinforced.     .   8to, 

*  Trautwine*s  Civil  Engineer*s  Pocket-book. .  i6mo,  morocco, 

Venable's  Garbage  Crematories  in  America 8vo, 

Waiťs  Engineering  and  Are  h  i  tec  tura  1  Jurisprudence.  .  .  .  .  8vr>, 

Sheep, 
Law  of  Operatlons  Preliminary  to  Construction  in  Engineering  and  Archi- 

tecture.  .  .  .  . 8to, 

Sheep, 

Law  of  Contracts 8to, 

Warren'9  Stereotomy— Problems  In  Stone-cutting.  »  8vo, 

Webb's  Problems  in  the  Use  and  Adjustment  of  Engineering  Instruments. 

torno,  morocco, 
WÍlsoo*s  Topographic  Surreying , ,  8vo, 
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BRIDGES  AlfD   ROOFS. 

Boilere  Practical  Treatise  on  tbe  Construction  of  Iron  Highway  Bridges     8to,    a  00 

♦       Thamea  Rlver  Bridge. ,  , , ato.  páper,    s  00 

I 


Burr's  Course  on  the  Stressea  in  Bridgea  and  Roof  Trusaes,  Arctaed  Ribs,  and 
Suspension  Bridges.  ,  .    , ., .  .  .  . .8voř 

Burr  and  FabVa  Inňuence  Lines  for  Brídge  and  Roof  Comp  rtations   .  .   8vo, 
Design  and  Constraction  of  Meta  Hic  Bridgea   8vo, 

Du  Bois*s  Mecbanica  of  Engineenng.     Vol.  II Srna  11  410,.  ] 

Postere  TTcatisc  on  Wisoden  Trestle  Bridgea 4(0, 

Fowler*!  Ordinary  Foundations.  , 8vo„ 

Greeoe's  Roof  Trusaes. Sto, 

Brídge  Trussea.  .  . . . . . 8vo, 

Arches  in  Wood,  Iron,  and  Stone # 8vo, 

Howf's  Treatia*  on  Arches.  .  .  .  , ,  f    ,  8vo, 

Design  of  Simple  Roof -trusaes  in  Wood  and  SteeL  .  . .  .  8vo, 

Johnson,  Bryan,  and  Turneiiuxe*s  Theory  and  Practice  ln  the  Designing  of 
Modem  Framed  Structures. .  .  .  . Smáli  4to,    1 

Mefríman  and  Jacoby'a  Text-book  on  Roofs  and  Brídges: 

Part  I.     Střeaaa*  in  Simple  Trusaes 8vo, 

Part  n.     Graphic  Statics 8vo, 

Part  III.     Brídge  Design  8vo, 

Part  IV.     Higher  Structures 8vo, 

Moríaon'i  Memphis  Brídge.  , , 4*0,  ! 

Waddeira  Eta  Pontibua,  a  Pocket-book  for  Brídge  Englneen.  .  i6mo,  morocco, 

*  Specificatioms  for  Steel  Brídges 1  ímo, 

.  Wrighťs  Designing  of  Draw-spana.     Two  parta  in  one  volume.  .  8vot 


HYDRA  UIICS, 

Bažin' s  Experiments  upon  the  Contractíon  of  the  Liquid  Vetn  Issuing  front 

an  Orifice.     (Trautwine.) 8to, 

Bovey's  Treatiac  on  HydrauHcs. 8vo, 

Church'*  Mechanics  of  Engineering 8vo, " 

Diagrame  of  Mean  Velocity  of  Water  in  Open  Channela páper, 

Hydraulk  Motors.  ,  * «  8vof 

Comn's  Graphical  Solulion  of  Hydraulk  Pro  biem  5,  .  .     ....  i6mo,  morocco, 

Flather*s  Dynamometers,  and  the  Measurement  of  Power. umo, 

Folweirs  Water-supply  Engineering.  ,  .  .  8vo. 

FrizcLTs  Water-power. 8vo, 

Fuertes's  Water  and  Public  Health,  tamo* 

Water-flltration  Works.  .,  12010, 

Ganguillet  and  Kutter**  General  Formu  la  for  the  Uniform  Flow  of  Water  in 

Rivers  and  Other  Cfoannels,     'Hering  and  Trautwine. ).  .  .  8vo, 

Hazen*a  Filtration  of  Public  Water-aupply.  Bto, 

BalSehursťs  To wera  and  Tanka  for  Water- worka,  .  8vo, 

HerscheFs  115  Experiment*  on  the  Carrying  Capacity  of  Large,  Riveted,  Metal 

Conduits 8vo, 

Masona  Water-supply.     'Considered  Príncípally  řrom  a  Sani  (ary  Standpoint. » 

Bvoř 

Merriman'8  Treatlse  on  HydrauHcs.     .  .  .  ,  . .    , . .. ,  8vo, 

*  Míchie'5  Elemente  of  Analytical  Mechanice  .  .  8vo, 
Sehuyler'*   Reservoirs  for  IrrigatLon,  Watet-power,  and   Domeatic   Water- 
supply.  .......                                                                           Large  8vo, 

•  •  Thomai  and  Watťa  Improvement  of  Rivers.  (Post.,  44c.  additional.)  4to, 
Turneatire  and  RusselTa  Public  Water-auppUea.  ....  8vo, 
Wegmann's  Design  and  Constructlon  of  Dams.  .  .                                        .  .  -4to, 

Water-supply  of  the  City  of  New  York  from  1658  to  1805 4to, 

Williams  and  Hazen*s  Bydraulic  Table*. 8vo, 

Wilson*s  Irrígation  Engineering..  .  . , Small  8vo, 

WohTs  Wtndmí JI  as  a  Prime  Mover 8vo, 

Wooďa  Turbines. .  . .  .  .  . , * 8to, 

Element*  of  Analytical  Hechanics 8vo. 

7 


4 

00 

a 

00 

4 

00 

5 

00 

e 

00 

s 

«.r> 

9 

oti 

10 

00 

r 

P 

-i 

00 

3 

00 

3 

50 

3 

00 

MLATERXALS  OF  ENGITTEERIIÍG. 

Baker's  Treatise  on  Masonry  Construction 8vo,  5  00 

Roads  and  Pavements. 8vo,  5  00 

BIack'8  United  States  Public  Works  .  .  Oblong  4*°,  5  00 

*  Bovey'a  Strength  oř  Materials  and  Theory  of  Structures. 8vo,  7  5<> 

Burr's  Elasticity  and  Res  i  Stance  of  the  Materials  of  Engineering,  ,  .    .  .   8vo,  ?  50 

Byrne'5  Híghway  Construction.  . , ,  8vo,  5  00 

Inspection  of  the  Materials  and  Workmanship  Employed  in  Construction. 

i6tao,  3  00 

Church's  Mechanics  of  Engineering.  .  . .  Svo,  6  00 

Du  Bois's  Mechanics  of  Engineerinjf.     VoL  I Srna II  atof  7  5© 

*Ecke/s  Cements.  Limes,  and  Plasters. .  . . . 8vo,  6  00 

Johnson'**  Materials  of  Construction , Large  Svo,  6  00 

Fowler*s  Oidinary  Foundation*.  Hvo,  3  50 

*  Greenťs  Structural  Mechanics.  8vo.  2  50 

Xetps  Cast  Iron.  ... ,  .... 8vo,  a  50 

Lanza'5  Applied  Mechanics. 8vo,  7  5© 

Martens  Handbook  on  Testing  Materials.     íHenning.)     2  vola . ...Svo,  750 

Maurer's  Technicaí  Mechanics.  8vo,  4  °o 

Merrill'*  Stone*  for  Building  and  Decoration.  ,  »«•»••.   8vo,  5  00 

Memman's  Mechanics  oř  Materials Siro,  5  00 

Strength  of  Materials ...    umo,  I  00  , 

HetcalTs  Steel.     A  Manuál  for  Steel-users tamo,  2  00 

Patton's  Practical  Treatise  on  Foundation*.  8vo,  5  00 

Richardson*s  Modern  Asphalt  Pavements .   Svo,  3  00 

Richey's  Handbook  for  Superintendentsof  Construction i6mo,  mot,  4  00 

RockwelTs  Roads  and  Pavements  in  France.  .  . ..  .  , .    nmo.  1   25 

Sabirfs  Industrial  and  Artistlc  Technology  of  Paints  and  Varnish..    .  .  .  .   8vo,  3  00 

Smith'*  Materials  oř  Machines.  ,  umo,  1  00 

Snow*s  Principát  Species  of  Wood ,      Svo,  3  50 

Spakliog'*  Bydraulic  Cement,  „  .  _  12010,  2  00 

Texťfaook  on  Roads  and  Páve  menta.   .  1  srno,  2  00 

Taylor  and  Thompson'*  Treatise  on  Concrete,  Plain  and  Reinforced.      .      8vo,  5  00 

Thurston'5  Materials  of  Engineering.     3  Parts 8vo,  8  00 

Part  t.      Non-melallíc  Materials  of  Engineeríng  and  Metallurgy Svo,  2  00 

Part  IL     Iron  and  Steel.  ..  8vo,  3  50 

Part  III.     A  Treatise  on  Brasses,  Bronzes,  and  Other  Alloys  and  theír 

Constituents.  . .  . . » ,  Svo,  2  50 

Thurston*s  Teat-book  of  the  Materials  of  Construction.  ,  8vot  5  00 

Tillson*s  Street  Pavements  and  Paving  Materials.  .  .  8vo.  4  00 

Waddell*s  De  Pontíbus.    (A  P»cket-book  for  Bridge  Engineers.  1     i6mo,  m#r.,  2  00 

Sp-ecifícations  for  Steel  Bridges i2mo,  1   25 

Wood*s  (De  V.)  Treatise  on  the  Resistance  of  Materials,  and  an  Appcndix  on 

the  PTeservation  of  Timber 8vo,  a  00 

Wooďs  (De  V.  1  Elements  of  Analytical  Mechanics. . ,  * Svo,  3  00 

Wood*s  f.M.  P  »  RusUess  Coatings:    Corroslon  and  Electrolysi*  of  Iron  and 

Steel,,  8vo,  400 


RAILWAY  ENGIlfEERING. 


Andrew's  Handbook  for  Street  Railway  Engineers 3x5  ínches.  morocco,  l  as 

Berg's  Buildings  and  Structures  of  American  Raitroads  ...                            ato,  5  00 

Brook's  Handbook  of  Street  Railroad  Location lómo,  morocco  1  50 

Bulťs  Civil  Engineer's  Field-book i6mo.  morocco.  2  50 

Crandairs  Transitiou  Curve.                                                             ,  lómo,  morocco,  1  50 

Railway  and  Other  Earthwork  Table* 8?o,  t  50 

Dawson"a  "Engineering*'  and  Electric  Tractioe  Pocket-book    .  i6mo,  morocco,  5  00 
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Dredge's  History  of  tbe  Fen  tisy  hranit  Raiiroad:   (1870)                             Paper,  5  00 

*  Drinker*s  Tunneiiing,  ExpLosive  Compoands,  and  Rock  DriUs.  4to,  balf  mor.,  as  OO 
FÍsher's  Table  of  Cubíc  Yards  Cardboard,  as 
Godwin*s  Rairoad  Engineers*  Fíeld-book  and  Explorers*  Guide.  .  i6mo,  mor,,  a  50 
Howarďs  Transition  Curve  Field-book.  .  i6mo,  morocca.  1  50 
Hiidson'*  Table*  for  Calculating  the  Cubic  Contenta  of  Exeavations  and  Em- 

bankments.  .  .  . .  .                                                                                   Bv°.  >  °° 

Molitor  and  Eearďs  Manuál  for  Resident  Engíneers íórno,  1  00 

Nagte*s  Field  Mantial  for  Railroad  Engineers.  .  ...........  .i6mo*  morocca,  3  OO 

Phllbrick**.  Field  Manuál  for  Engineers. .  .  . i6mo»  morocco,  3  00 

Searles's  Fietd  EngineerLng .>  i6mo.  morocco,  3  00 

Railroad  Spirál.  ...  .                                                                    rámo,  merocco.  1   50 

Taylor**  Prismoidal  Formulie  and  Earthwork 8vot  I  50 

•  Trautwine''*  Hettaod  of  Calculating  the  tube  Contents  of  Exeavations  and 

Embankments  by  the  Aid  of  Disgrams, 8vo,  a  00 

The  Field  Practice  of  Laylng  Otit  Circular  Curves  for  Railroads. 

umo,  morocco,  a  50 

Cross-section  Sheet.  .  .  .                                                                               Paper,  as 

WebVt  Railroad  Constructi"n                                  iómo,  morocco,  S  OO 

Wellington'»  Economic  Tbeory  of  the  Loc*tion  of  Raitways. Small  8vo,  5  00 

DRAWING. 

Barr**  Klnematics  of  Machinery.  ,  ...   Sto,  j  50 

•  Bartletťs  Mechanicai  Drawing .  .  . 8vo,  3  00 

«         u  °  "         AbcidgedEd.  .  8vo,  150 

Cuotidge's  Manuál  of  Drawing. .      8vo,  páper  1  OO 

Coolidge  and  Freeman*s  Elements  of  General  Drafting  for  Mechanicai  Engi- 
neers. ....  Oblong  4to,  a  50 

Durley*s  Kinematks  of  Mathines.  ...                                                             .    8vo,  4  00 

Emch*s  Introduetion  to  Projectivc  Geometry  and  its  Applications. 8vo,  a  50 

HUTs  Tert-book  on  Shades  and  Shadows,  and  Perspective, .8*0,  a  00 

Jamison*s  Elements  of  Mechanicai  Drawing.                                  ........ .870,  a  50 

Advanced  Mechanicai  Drawing .  8vo,  a  00 

Jones's  Machine  Design: 

Part  I.     Kí nematics  of  Machinery.  .  *  . 8vo«  i   50 

Part  II,      Form,  Strength,  and  Pro  port  i  o  ns  of  Parts.                                Sto,  3  00 

MacCorďs  Elements  of  Descriptive  Geometry, ...                                          8vo,  3  00 

Kinemntica ;   oř,  Practical  Mechanism. 8vo.  5  00 

Mechanicai  Drawing.  ,  », 4to(  4  00 

Velosity  Diagrams.  . 8vo,  1   50 

MacLeoďa  Descriptive  Geometry..                                                             Small  8 vo,  1   50 

*  Mahan"s  Descriptive  Geometry  and  Stone-cutting 8vo,  1  50 

Industrial  Drawing.     (Thompson.                                                              8vo,  j  50 

Moyer**  Descriptive  Geometry 8vot  2  00 

Reeďs  Topographical  Drawing  and  Sketching 4to,  5  00 

Reiďs  Course  in  Mschanícal  Drawing 8vo,  2  00 

Text-book  of  Mechanicai  Drawing  and  Eleraentary  Machine  Design  8 vo,  3  00 

Robinsona  Princ  i  plet  of  Mechanism.  ,                                                               8vo,  3  00 

Schwamb  and  MerrUTi  Elements  of  Mechanism.  .  .                                 8vo,  3  00 

Smith*s  tR.  S.)  Manuál  of  Topographical  Drawing.     (McMillanJ.  ....      8vo,  2  50 

Smíth  (A.  W.  i  and  Mara*s  Machine  Design.  .                                                   8vo,  3  00 

Wairen'*  Elements  of  Plane  and  Solid  Free-hand  Geometrical  Drawing.  12 mo,  t  00 

Drafting  Instruments  and  Operalions.  .                                                        umo,  1    25 

Manuál  of  Elementary  Projectiou  Drawing.  , , iamot  i  50 

Manuál  of  Elementary  Problems  ín  the  Linear  Pera  pec  ti  ve  of  Form  and 

Shadow umo,  1  00 

Plane  Problems  in  Elementary  Geometry  .  „ , 1  imo,  1   25 

0 


v7erren's  Primary  Geometry tamo,  75 

Elemente  of  Descriptive  Geometry,  Shadows,  mnd  Perspective 8vo,  3  30 

General  Problems  of  Shades  and  Shadows . . . . , Svo,  3  00 

Elements  of  Machine  Construction  and  Drawíng,  . 8vo,  7  50 

Problems,  Tbeorems.  and  Examples  ín  Descriptive  Geometry Svo,  a  50 

Weisbaciťs     Kině  mátí  es    and    Power    of    Trans  miss  i  on.        (Hermann    and 

Klein  1                                                                                                   M   Svo,  5  00 

Wnelpley'*  Practieal  Instniction  in  the  Art  of  Letter  Engraving tamo,  3  00 

WUbod'b  ťH.  M.)  Topographic  Surveying. .  . .  .  Svo,  3  50 

Wilson*s  (V.  T.)  Free-hand  Perspective. 8vo,  a  50 

WÍlaon's  (▼,  TO  Free-hand  Lettering Svo,  1   ©o 

Woolí*  a  Elementary  Course  in  Descriptive  Geometry. Large  8vo,  3  00 


ELECTRICITY  AlfD   PHYSÍCS, 

Anthony  and  Bracketťs  Teat-book  of  Physics.     f  Magie.) .  SmaU  Svo, 

Ánthony's  Lectu  re- notes  on  lbe  Tfaeory  of  Electrical  Measurements  umo, 
Benjamin'*  History  of  Electrkity.  .  ,  8vo, 

Voltaic  Cell.  .  .  Svo, 

Clastea*!  Ouantitative  Chemical  AnaJysis  by  Electrolysis.     (BoltwoodJ  Bvo, 

Crehore  and  Squier*s  Polarízing  Photo-chronograph. Svo, 

Dawson's  "Engineering"  and  Electric  Traction  Pocket-book  i6mo,  rnorocco, 
Dolezalek's    Theory    of    the    Lead    Actufnulator    iStorage    Battery).       >  Von 

Ende. .).  .  .  . iamo. 

Duhem's  Thermodynamícs  and  Cbemistry.     íBurgeta.) Svo, 

Flather's  Dynamometers,  and  the  Heasuremeat  of  Pawer . . .  .umo, 

Gilberťs  Be  Magnete,      i  Mottelay.  1.  8vo, 

Hanchetťs  Alteraating  Cmrrnts  Etplained.  ...  rámo, 

Hering's  Ready  Reference  Tables  ( Co  n  versto  □  Factorsl iómo,  morocco. 

Holman"s  Prccision  of  Measurements,  ,  ,  Svo, 

Telescopic    Mirror-scale  Method,  Adjustments,  and   Tests   . .   Large  8vo, 

Kínz  branné  rřs  Testing  of  Continnous-c  utřen  t  Machines. Svo, 

Landauerra  Spectrum  Analys  i  s.     (TingleJ.  .  .  .  .  ,  ,    Svo, 

Le  Chatě  ti  er  s  Hígh-temperature  Measurements.  (Boudouard— Burgess.)  tamo, 
Lob's  Electrochemistry  of  Organic  Compounds.     (Lorenz.t. .  Svo, 

*  LyonVi  Treatis*  on  Electromagnetic  Phenomena.   Vola.  I.  and  II.  Svo,  each, 

•  Michie*s  Elements  of  Wave  Motion  Relating  to  Sound  and  LighL  ♦ . .  . .  Svo, 
Niaudeťs  Elementary  Treatise  on  Electric  Batteries.     (FUhback.l,  umo, 

*  Para  ha  11  and  Hobarťs  Electric  Machine  Design  4  to,  half  morocco, 

♦  Rosenberg's  Electrical  Engineering.     (Haldane  Gee — Kínibmnncr.).  .  Svo, 

Ryan,  Iforris,,  and  Hoxie*s  Electrical  Machinery*     Voi  I . . .,    8vo, 

Thttrstoďs  Stationary  Steam-engines.  .    , Svo, 

•  Ttllmaďs  Elementary  Lessons  ín  Heat , . .  Svo, 

Tory  and  Pitcher's  Manuál  of  Laboratoř v  Physics Small Svo, 

Ulke's  Modem  Electrolytic  Copper  Refining;  , Svo, 
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LAW. 

*  Davis's  Elements  of  Law , , , .  ,  Svo,  a  50 

*  Treatise  on  the  Military  Law  of  United  States, , 8vo,  7  00 

*  Sheep,  7  50 

Manuál  for  Courta-martiat ., torno,  morocco,  1  50 

Waiťs  Engineering  and  Architectural  Jurisprudence Svo,  6  00 

Sheep,  6  50 
Law  of  Operations  Preliminary  to  Conatruction  in  Engineering  and  Archí- 

tecture.  * .  *,.,.,... ..,.,..     Svo  5  00 

Sheep,  5  So 

Law  of  Contracts. Svo,  3  00 

Winthropvs  Abridgment  of  Military  Law. tamo.  2  50 

10 


MANTJFACTURE& 


Bernadou*s  SmokeleSS  J*Owder— Ititro-cellulose  and  Theory  of  thí  Ceuulose 

Molecule « . , ,  .  r . , i>mo, 

Bollanďs  Iron  Founder. . . .».«•■•. umo, 

**  Tne  Iron  Founder/'  Supplement . , .  . .    iamo» 

Encyclopedia  of  Fotiti  ding  and  Dictionary  of  Foundry  Terme  Ussd  io  the 
Practice  of  Moulding.  . .  .  .  , umo, 

*  Eckel*e  Cement*,  Limes,  and  Plasten , , ..,  8vo, 

Eiialer1!  Modem  High  ExplosiYes. . . . . . . .  Svo, 

Eflronťs  Enzymes  and  their  Applications.     (Prescott),  »«  .*. Svo, 

FitzgerakTa  Boston  Machiníst. iamo, 

Forďs  Boiler  Makiag  for  Boiler  Makers. iSmo, 

Hnpkm'a  Oil-chemists'  Handbook . Svo, 

Keep*s  Cast  Iron. , .  Sto, 

Leacb/S  The  Inspection  and  Anaiymia  of  Food  wtth  Speciál  Reference  to  State 

ControL  Large  8vo, 

*  McfCay  and  Larsen's  Pr inciples  and  Practice  of  Buttcr-making Sto, 

Mattucwťa  The  Tettile  Fibres. Svo, 

MetcalTa  Steel.     A  Manuál  for  Steei-users.  .  .  umo, 

MetcabVs  Cost  of  Manufaetures— And  tne  Administration  of  vYorkshopa.Svo, 

Meyer'3  Modem  Locomotive  Cooatruction. ato, 

Morae*a  CalcuLations  ušed  in  Cane-augar  Factories. , .  i6mo.  morocco, 

*  Reiiig'a  Gulde  to  Piece-dyeíng.  .  .  ,  .  Svo, 

Rice/a  Concrete-block  Hanuíscture. .  . ., Svot 

Sabin" f  I  n  dus  tri  a  I  and  Artistic  Technology  of  Painta  and  Varnish. 8vo, 

Smith*B  Press-working  of  Metala. . Svo, 

5p*lding*s  Hydraulic  Cement  . , .  umo, 

Speíicerřa  Handbook  for  Chemlats  of  Beet-eugar  Hotiaea .  jómo,  morocco, 

Handbook  for  Ca  ne  Sugar  Menufacturers  i6mo,  morocco, 

Tavlor  and  Thompson  "a  Treatise  on  Concrete,  Plain  and  Reinfoixed.  .  .      Svo, 

Thurston's  Manuál  of  Steam-boLlera,  thelr  Deeigna,  Conatnictton  and  Opera- 

tíoa. , 8vo, 

*  Walke*a  Lectures  on  Explosives. ,  .  . Svo, 

Were'a  Beet-sugar  Manufactare  and  Refining, Srna!)  Svo, 

Weaťs  American  Foundry  Practice. .  - umo, 

Moulder*a  Teat-book. i  imo, 

Wolfa  Windmill  as  a  Prime  Mover , Svo, 

Woodrs  Rustless  Coatings;   Corroaion  and  Electrolyaís  of  Iron  and  Steel .   Svo, 
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MATHEMATICS. 

Baker's  Etliptic  Functions.  «... ■ Svo,  I  5©> 

*  Bass'a  Element*  of  Differential  Cakulua. .   tamo,  4  00 

BriggB*B  Elementu  of  Plane  Analytic  Geometry, . .  tmo,  1   00 

Comptonrs  Manuál  of  LogarithmLc  Computations. . iamot  1  50 

Davia'a  Introductíon  to  the  Logic  of  Algebra , Svo,  1   50 

*  Dickson*s  College  Algebra. ,  . .  Large  umo,  1   50 

*  Introductj on  to  the  Theory  of  Algebra! c  Equations, Large  umo,  1   35 

Emchřs  Introduction  to  Projective  Geometry  and  ita  Applications Sto,  1  50 

Halsteďs  Elements  oř  Geometry.  . SvOi  I  75 

Elementary  Syathetic  Geometry 8vo»  i  50 

Rationai  Geometry. iatno,  r   75 

*  johnsoo*s  (J.  B.)  Three-place  Logarithraic  Tables;   Vest-pocket  at re  páper,  15 

100  copiea  for  5  00 

*  Mounted  on  heavv  cardboard,  8  V  10  inches,  25 

10  copiea  for  3  00 

Johnson'!  (W.  W.)  Elementary  Treatise  on  Differential  Calcuhis     Small  Bvo,  3  00 

Elementary  Treatiae  od  Ote  Integra]  Cakulua ♦  .Small  Svo,  t  50 

11 


Johnson's  (W.  W.  i  Curve  Tracing  ta  CnrtesUn  Co~ordinates.    umo, 

Johnson1*  (W.  W.)  Treatise  on  Grdinary  and  Partial  Differential  Eqttations. 

Srna  11  8vo, 
Johnšon*g  |W.  W.)  Theory  of  Errors  and  the  Method  of  Least  Square*   i2mo, 

*  Johnsoiťs  iW,  W.  i  Theoretical  Mechanics    .  .  umo, 
Laplace*s  Philosophical  Essay  on  Pro  ba  bíli  ti  es.     i  Truscott  and  Emory ,)   umo. 

*  Ludlow  and  Bass,     Elements  of  Trigonometry  and  Logarithmic  and  Othcr 

Tables.  ,      .  ,  8vo, 

Trigonometry  and  Tables  publíshcd  separately .  ...  Each, 

*  Ludlow's  LoRariihmic  and  Trigonometrie  Tables.  .  Sto, 
Manning*s  Irrational  Numbers  and  the  Ir  Reprcsentaťon  by  Sequences  acd  Serics 

umo, 
Ma  the  máti  ca  I  Moníigraphs.     Edited  by  Mansfield  Merriman  and  Robert 

5.  Woodward.  ...  ....  Octavo,  each 

No.  i.  History  of  Modem  Mathematics,  by  David  Eugene  Smith. 
No.  2,  Synfchetic  Projective  Geometry,  by  George  Bruče  Halsted. 
No.  3,  Determinanta,  by  Laenas  Gifford  Weld.  No.  4.  Hyper- 
bolic  Functions,  by  James  MtMahon.  No.  5.  Harmonie  Func- 
tions, by  William  E,  Byerly.  No.  6.  Grassmamn*s  Space  Analysls, 
by  Edward  W.  Hyde.  No.  7.  Probability  and  Theory  of  Errors. 
by  Robert  S.  Woodward.  No,  8,  Vector  Analysís  and  Quaternions, 
by  Alexander  Macfarlane.  No.  o,,  Differential  Equatíons,  by 
William  Woolsey  Johnson.  No,  10.  The  Sólu  ti  on  of  Equations, 
by  Mansfield  Merriinan.  ITo,  n.  Functionsof  a  Compler  Variable, 
by  Thomas  S,  Fiske, 

Maurer*s  Tethnieaí  Mecbanics 8vo, 

Merriman*s  Method  of  Least  Squares.  .  8vo, 

Rice  and  Johnson'g  Elementary  Treatise  on  the  Differential  Cilculut.  Srn.  8vo, 

Differential  and  Integrál  Calculus.      2  vols,  in  one.  Small8vo* 

Wooďs  Elements  of  Co~ordinate  Geometry.  ..  .  .  8vo, 

Trifonometry;   Analytical,  Plane,  and  Spherical  umo. 
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MECHANICAL   ENGINEERING. 
MATERIALS  OF  ENGINEERING.  STEAM-ENGINES  AND  BOILERS. 


Bacon*s  Forge  P/aetice.  . ,  umo, 

Baldwín*s  Steara  Heating  for  Buildings umo, 

Barr^s  Kinematics  of  Machinery.  .  8vo, 

*  Baxtletťs  Mechanical  Drawing.  8vot 

•  "  '*  "         Abridged  Ed.  .  8vo, 

Benjamina  Wrinkles  and  Recipes.  , . . . .  i2mo, 

Carpenter's  Experimental  Engineering Svo, 

Heating  and  Veutilating  Buildings.  ,  .  .  8vo, 

Cary*s  Smoke  Suppression  in  Planta  using  Bltuminous  Coai     (ln  Prepara- 
tion.) 

Oerk'*  Gas  and  Oil  Engine «...  Small  Svo, 

Coolidge's  Manuál  of  Drawing.  . Svo,  páper, 

Coolidge  and  Freeman'*  Elements  of  General  Drafting  for  Mechanical  En- 

gineers.  Oblong  4to, 

CromwelTs  Treatise  on  Toothed  Gearing  umo. 

Trealíse  on  Belts  and  Pwlleys,  umo, 

Durley's  Kinematics  of  Machines.  .  8vo, 

Flather's  Dynamometers  and  tbe  Measurement  of  Power uma, 

Ropě  Driving.  . iamo. 

GilTs  Gas  and  Fuel  Analysis  for  Éngincere* . ,  umo, 

Hall*5  Car  Lubrication.  .  rimo, 

Heriug^  Ready  Reference  Tables  (Conversion  Factors) iĎmo,  morocco, 
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Hutton"s  Tne  Gas  Engine. . , , ,  ,8vo# 

Jamison*s  Mechanical  Drawing. t8vo, 

Jones*s  Machine  Design: 

Part  I.     Kinematics  of  Machinery.  .  .  , , ,, 8vo, 

Part  II.     Form,  Strength,  and  Proportions  of  Parts.  .  .  Svo, 

Kenťs  Mechanical  Engineers'  Pueket-book .  .  .  .  i6mo,  tnorocco, 

Kerr's  Power  and  Power  Transmission 8vo, 

Leonarďs  Machine  Shop,  Tools,  and  Methnds  Svo, 

*  Lorenz'«  Modern  Ref  rigrrating  Machinery.  i  Pope,  Haven,  and  Dean. )  Svo, 
MacCorďS  Kinematics;   oř,  Practical  Mechanism.  .  .  .  .  .  .8vo, 

Mechanical  Drawing.  ...  ato, 

Velocity  Diagram*.  .  .  .  Svo, 

MacFarlanďs  Standard  Reduction  Fa  <.  tors  for  Gases  ,   Svo, 

Meh*nřs  industrial  Drawing,     <  Thompson.). .Sto, 

Poole**  Calorifk  Power  of  Fuels %. . .  8vof 

Reiďs  Course  in  Mechanical  Drawing 8vo. 

Text-book  of  Mechanical  Drawing  and  Elementary  Machine  Design  8vof 
Licharďs  Compressed  Air  umo. 

Robinson'*  Prmciples  of  Mechanism.  ,  .  .  Svo, 

Schwamb  and  MerrilTs  Elements  of  Mechanism.  .  Svo, 

Smitíťs  (Oj  Press-working  of  Metals.  ,  8vo, 

Smith  \h.  W.»  and  Marx'*  Machine  Design,  .  8vot 

Thurston'*  Treatise  on  Fric  ti  cm  and  Lost  Work  in  Machinery  and  Milí 
Work..  ,  ,  8vo, 

Anirnal  as  a  Machine  and  Prime  Motor,  and  the  Laws  of  Energetics  umo, 

Warren*s  Elements  of  Machine  Construction  and  Drawing.  .  Svo, 

Weisbacb/s    Kinematics    and    the    Power    of    Transmission.     ifclerrmann — 

Kleina.  .  8vo> 

Machinery  of  Transmission  and  Governors.  (Berrroann — Klein.)  Svo, 
WolfTi  WindroiU  as  a  Prime  Mover.  8vo, 

Wood*s  Turbines 8vo, 


MATERIALS   OP   ENGIWEERIKG. 

•  Bovey*s  Strength  of  Materials  and  Theory  of  Structures.  Svo,     7  50 
Burr's  Elasticity  and  Resistance  of  the  Materials  of  Engíneering.     6th  Editíon. 

Reset.  Svo, 

€hurch't  Mecbanics  of  Englneering.  Svo, 

*  Greene's  Structural  Mecbanics  .  Svo, 
Johnson"*  Materials  of  Construttj.m  8vo» 

KeepV  Cast  Iron.  .  .  . Svo, 

Lanca's  Applied  Mechanics    .  Svo, 

Martens'*  Handbook  on  Testing  Materials.  (Hennlng.)  . .  .                        .Svo, 

Maurer's  Techntcal  Mechanice.  Svo, 

Merriman's  Mecbanics  nf  Materials  8vo, 

Strength  of  Materials  umo, 

Metcalťs  Steel     A  manuál  for  Steel-users.  .  .  tamo. 

Sabin'*  Industrial  and  Artistic  Technology  of  Paints  and  Varnish.  . ,         .   8vo, 
Smitti'*  Materials  of  Machines.  ,  ixmo, 

Thurston'1  Materials  of  Engineering 3  vols.,  Svo, 

Part  II.     Iron  and  Stati  .  8vo* 

Part  III.     A  Treatise  on  Brasses.  Bronzes,  and  Olher  Alloys  and  their 

Constiruents i 8vot 

Text-book  oí  the  Materials  of  Construction Svo, 

Wooďt  (De  V  )  Treatise  on  the  Resistance  of  Materials  and  an  Appendii  on 
the  Preservation  of  Timber  8vo, 

Ekmentt  of  Aaajytkal  Mechanic*.  ..... .Svo, 
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Wooďs  (M.  P.')  Rustless  Coatings:    Corrosion  and  Electralyais  of  Iron  sud 
Steel.  .  .  . , Svo, 


4   OO 


STEAM-EIíGINES    AIÍD   BOILERS. 


Beny*a  Temperature-en tropy  Diagram. , , lamo, 

Carnoťs  Reflcctions  on  lbe  Motive  Power  of  Heat.     (Tfaurslon.) tamo, 

Dawson's  **  Engineering  "  and  Electric  Traction  Pockct-book, .  .  ,  lámo,  mor., 

Forďs  Boiler  Making  for  Boiler  Makers. i8mo, 

Goss*s  Locomotive  Sparks. Svo, 

Henaenway'*  Indicator  Practice  and  Steam-engine  Economy.    umo. 

Hutton'8  Mechanical  Engineering  of  Power  Planta. Sto, 

Heat  and  Heat-enginea. 8vo 

Kenťs  Steam  boiler  Economy,  , ,  .8*©, 

Kneass*s  Practice  and  Theory  oř  the  Injector 8vo. 

VacCorďs  Slide-valves 8vo , 

Meyer's  Modern  Locomotive  Construction . , 4to, 

Peabody's  Manuál  of  the  Steam-engine  Indicator.  * ,   . .  * , .  .umo 

Ta  b  les  of  the  Properties  of  Saturated  Steam  and  Otber  Vapora    ...      Svo, 
Tbermodynamics  of  the  Steam-engine  and  Otber  Heat-engines. . .  .  .   8vo, 

Valve-geare  for  Steam-engines. • . .  i  JJvo, 

Peabody  and  Millrťs  Steam-boi*ers 8vo, 

Pray'a  Twenty  Years  with  the  Indicator.  ,  .  , Large  Svo, 

Pupín's  Thermodynamics  of  Reversíble  Cycle*  in  Gases  and  Saturated  Vapora, 

( Osterberg. ).  .  . umo, 

Reagan*s  Locomotives:  Simple  Compound,  and  Electric, umo, 

Rontgen's  Principles  of  Thermodynamics.     (Du  Bois.  i ;..  * Svo* 

Sinclaiťs  Locomotive  Engine  Runsing  and  Management .lamo, 

Smarťi  Handbook  of  Engineering  Laboratoř y  Practice i  jrao . 

Snow*a  Stcam-boiler  Practice.  .  . Svo, 

Spanglerps  Vaíve-gcars. . . , Svo* 

Notes  on  Thermodynamics umo, 

Spangler.  Greene.  and  Marshalťs  Element*  of  Steam-engineering Bvo, 

Thomas"*  Steam- turbině* Svo, 

Thurston's  Handy  Tablea, Svo, 

Manuál  of  ttae  Steam-engine. a  voia.,  Svo, 

Part  L     History,  Structure,  and  Theory-  •  ••< 8vo„ 

Part  II.     Design*  Construction,  and  Operation Svo, 

Handbook  of  Engine  and  Boiler  Trials,  and  the  Use  of  the  Indicator  and 

the  Procy  Brake Svo, 

Stationary  Steam-eogines.  ... ,8vo, 

Stcam  boiler  Ejrpbsícns  in  Theory  and  in  Practice  ............. .lamo. 

Manuál  of  Steam-boilers.  their  Designs,  Construction,  and  Operation Svo 

Wehrenfenning*s  Analysisand  Softening  of  Boiler  Feed-water  ( Patterson)  Svo* 

Weisbach*s  Heat,  Steam,  and  Steam-engines.     ÍDu  Bois.) Svo. 

WhithamV  Steam-engine  Design 8vo, 

Wooďs  Tbermodynamics,  Heat  Motors,  and  Refrigerating  Machines.  .  ,8vo. 
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MECHA1ÍICS  AND   MACHUTERY. 


Barr's  Kínematics  of  Macbioery , .  Svo,  a  50 

*  Bovey*s  Strength  of  Materials  and  Theory  of  S  truc  tur  es   Svo,  7  50 

Chase 's  The  Art  of  Pattern- making. , tamo,  a  50 

Church's  Mechanics  of  Engineering.  . , . .  .Svo,  6  00 

Notes  and  Examples  in  Mechanics Svo,  a  00 

Compton's   First   Lessons  in  Metal- working .tamo,  I  5a 

Comptou  and  De  Groodťs  Tbe  Speed  Latbe umo,  1  5a 
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CromwelT*  Třen  tise  on  Toothed  Gearing umo,  i  50 

Treatise  on  Belts  And  Ptilleys..  . umo,  1  50 

Dada*i  Teit-book  of  Elementary  Mechanice  for  Colleges  and  Schools   umo,  1  50 

Díngey'*  Machinery  Pattera  M&kinR umo,  2  00 

Dredge's   Rccord  of   the   Transportation   Eihibits   Building   of   tne   Worlďs 

Cohimbian  Exposition  of  1803, .,                          ...  .4(0  halí  morocco,  5  00 
Du  Bois's  Elementary  Principles  of  Mechanice: 

VoL     1.     Kinematica. , 8vo,  3  50 

VoL    II.     Statica. . . , .  .  _  .   gvo.  4  00 

Mechanici  of  Englocering.     VoL    I Small  4(0,  7  50 

VoL  1L  ....                                     Small  4to,  10  00 

Durley'*  Kínematíci  of  Machines.  .                                                                    8vo,  4  00 

Fitzgeralďs  Boston  Mschinigt i6mo,  1  00 

Flather's  Dynamomelers,  and  the  Measurement  of  Power.  ...                   umo,  3  00 

Ropě  Driving.  , umo,  a  00 

Gosefs  Locomotive  Sparks,  ,  , .                                                8to»  2  00 

*  Greene's  Structural  Mechatiics. .  . , Sto,  3  JO 

HalTs  Car  Lubrícation.  . , .........  umo,  1  00 

HoLly '&  Art  of  Saw  Filing . ., # ..,,..,,».,. , , .., , , , , i8mo,  75 

James'*  Kínematlcs  of  a  Point  and  the  Rattonal  Mechanics  of  a  Particle. 

Sena  11  8vo,  a  00 

*  Johnson*s  (W.  W.}  Theoretical  Mechanics.  . umo,  3  00 

Johnsorťs  (L.  J.)  Statics  by  Grapbic  and  Atgebraic  Methods.                        8vo,  2  00 
Jonea^  Machine  Design; 

Part    I.     Kinematics  of  Machinery.                                                           8vo,  t  50 

Part  II.     Form,  Strength,  and  Pro  port  io  na  of  Parta.  .  .  ,                         8to,  3  00 

Kerr's  Power  and  Power  Transmission. .    8vo  2  00 

Lanu1*  Applied  Mechanics.  .                           Svo,  7  50 

Leonarďs  Machine  Shopt  Tools,  and  Methods 8vo,  4  00 

*  Lorenz*s  Modem  Refrigerating  Machinery.     (Pope,  Haven,  and  Dean-).®*o.  4  00 
MacCorďs  Kinematics;   oř,  Practical  Mechanism. 8vo.  5  00 

Velocity  Diagrams. 8vo,  1   50 

*  Martin1!  Text  Book  on  Mechanics,  VoL  I,  Statica umo,  t  »S 

Mauxer'&  Technical  Mechanics, Bvo,  4  00 

Mr itl man' s  Mechanics  of  Materials. , 8vo,  5  00 

*  Elements  of  Mechanics umo,  1  00 

*  Mlchíe"t  Elements  o!  Analytičtí  Mechanics. 8vo,  4  °o 

*  Parshalland  Hobarťs  Electric  Machine  Drsign _  .  .  .    4tá,  half  morocco.  u  50 

Reagan1!  Locomotives:   Simple,  Compound,  and  Electric.  ,     ,                  umo,  2  50 

Reiďs  Course  in  Mechanical  Drawing.  . Sto,  3  00 

Text-book  of  Mechanical  Drawing  and  Elementary  Machine  Design  Svo,  3  00 

Richarda**  Compressed  Aii.              umo,  1   50 

Robinsona  Principles  of  Mechanism.  .     .                                                        8vo.  3  00 

Ryan,  Norris,  and  Hoxie*s  Electrical  Machinery.     VoL  I .  .  .  .  8vo,  2  50 

Schwamb  and  MerrilTs  Elements  of  Mechanism.  . , Svo,  3  00 

SincLaiVs  Locomotive-engine  Rtinning  and  Management.  .  .                       umo,  2  00 

5mith's  (O.)  Press-working  of  Metala 8vo,  3  00 

Smith1*  (A.  W.)  Materials  of  Machines. umo,  1  00 

Smith  (A.  W.)  and  Marx'*  Machine  Design.  .  .     .                                            8vo.  3  00 

Spangler,  Greene,  and  MarshalTs  Elements  of  Steam-engineering 8vo,  3  00 

Thurston'*  Treatise  on   Friction  and  Loat  Work  in    Machinery  and    Milí 

Work 8vo,  3  00 

Animal  as  a  Machine  and  Prime  Motor,  and  the  Lawc  of  Energetics.  1  amo,  1  00 

Warren^  Elements  of  Machine  Conatitiction  and  Drawing.  ,                        8vo,  7  50 

Weisbach's  Kinematics  and  Power  of  Transmission.   í  Herrmann — Klein. ) .  Sto,  5  00 

Machinery  of  Transmission  and  Governors.      i  Herrmann — Klein. )  8vo,  5  00 

Wood*s  Elements  of  Analytieal  Mechanics. 8vo,  3  00 

Principles  of  Ele mentary  Mechanics umo,  1   2$ 

Turbines.  , 8vo,  2  50 

The  World1*  Columbian  Exposition  of  1893 4to,  1  00 
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METALLURGY, 


i6mo. 


Egle*ton's  Metallurgy  of  Silvcr,  Gold,  and  Mercury: 

Vol.    1.     Silver. 

Vol.  II.     Gold  and  Mercury 

GoeseTs  Minerals  and  Metals:     A  Reference  Book. 

••  IIes*s  Lead-amelting.     (Postage  o  cents  adďitionalA  .  .  . 

Kecp*s  Cast  Iron 

Kunhardfs  Pra  etice  of  Oře  Dreaatng  i  ti  Europe,  ,  ,  . 
Le  Chatelíer'a  High-temperature  Measuremcnts.  <  Boudo uard — Burgess.  >i 
Metcalfs  Steel.     A  Manuál  for  Steel-users.  ■*..  I 

Mineťs  Productiou  of  Aluminum  and  i  ta  Industrii  1  Use.     <  Waldo.  j. .      i 

Robině  and  Lenglen*s  Cyanide  Industry.      (Le  Clerc. ) 

Smith*a  Materials  of  Machines.  . 

Thurston'a  Materials  of  Engineeriog.     Io  Three  Parts* 

Part    II.     Iron  and  Steel.  .  . 

Part  IIL     A  Treattse  on  Brasses,  Bronzea,  and  Other  AUoys  and 
Constituents.  .. 
Ulke's  Modem  Electrolytic  Cop  per  Reftciing 


8vo, 
8vo, 
mor, 
arao, 
8vo, 
8vo, 
ímo, 
arno« 
amo, 
8vo* 
amo, 
8vo, 
8vo, 
thelr 
8vo, 
8vo, 


7  5«> 

7  50 
3  00 
3  50 

2  50 
1    50 

3  00 
a  00 

3  50 

4  00 
t  00 

8  00 
3  50 

a  50 
3  00 


MINERALOGY, 


Barringer'*  Descriptlon  of  Minerals  of  Commereial  Value.    Oblong,  morocco. 

Boyd*a  Resources  of  Southwest  Virginia.  8vo» 

Map  of  Southwest  Virignia. . .  . .  Pocket-book  form* 

Brushřs  Manuál  of  Determinative  Mineralogy.     (Penfield.) 8vo» 

Chesters  Catalogue  of  MineraJs.  .  8vo,  páper. 

Cloth. 

Dictionary  of  the  Names  of  Minerals. 8vo 

Dan  a' 9  System  of  Mineralogy.  ,  Large  8vo,  half  leatber, 

First  Appendix  to  Dana*s  New  M  System  of  Mineralogy.*' Large  8vo, 

Text-book  of  Mineralogy.  8vo, 

Minerals  and  How  to  Study  Them  umo, 

Catalogue  of  American  Localities  of  Minerals. Large  8vo, 

Manuál  of  Mineralogy  and  Petrography.  .  .    .    tamo, 

Douglas's  Untechnícal  Addresses  on  Technical  Subjects*  .  .  lamo, 

EakleV  Minerál  Tables 8vo, 

Egleaton's  Catalogue  of  Minerals  and  Synonyma 8vo, 

GoeseTa  Minerals  and  Metak:     A  Reference  Book  .  i6mo,mor 

Groth's  Introdtiction  to  Chemical  Cryatallography  1  Marshall  tamo, 


Hussak'a  The  DetermJnation  of  Rock-forming  Minerals.    iSmltb  )  SmallSvo, 
Merriirs  Non-metallic  Minerals:   Their  Occurrence  and  Caes.  ,  .  .  8vo, 

"  Penfielďs  Notes  on  Determinative  Mineralogy  and  Record  of  Minerál  Tests. 

8vo,  páper, 
Roaenbusch's    Microscopical    Physiography   of    the   Rock-making  Minerals. 

ílddings.1 8vo> 

*  Tillman'5  Teat-book  of  Important  Minerals  and  Rocks 8vo, 


a  50 

3  00 

2  00 

4  ©o 
t  00 
i  25 

3  50 
ta  50 

1  00 

4  00 

t  00 
a  00 
1  00 
«  »5 
*  50 

3  00 
I  as 
a  00 

4  00 

50 

5  00 
a  00 


MINIIfG. 

Beard*s  Ventilation  of  Mineš iamo,  a  50 

Boyďs  Resources  of  Southwest  Virginia ,. , Bvo,  3  00 

Map  of  Southwest  Virginia. .  . Pocket-book  form  a  00 

Douclas'5  Untechnícal  Addresses  on  Technical  Subjecta.  . umo  1  00 

■  Drinker'5  Tunnetlng,  Explosire  Compounds,  and  Rock  Dři  11a   .  410.  ní.  mor. ,  25  00 

Eisaler*s  Modern  High  Eaplosivea.  .......                     8»o.  < 

Goesďs  Minerals  and  Metals :     A  Reference  Book      ........    iómo,  mor,  3  00 
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Goodyear'*  Coal-mines  of  the  Western  Coast  of  the  United  States umo,  2  50 

ihlseng*s  Manuál  oí  Mining, . 8vo,  5  00 

•♦  Iles's  Lcad-smelting.     (Postage  oc.  additional.). umo,  2  50 

Kunhardt*&  Praetice  of  Ore  Dressing  ío  Europe,  .  »  .. , Bvo,  1   50 

0'DnscoH's  tfotes  on  tne  Treatment  of  Gold  Ores ......   8vo,  2  00 

Robině  and  Lcnglen1*  Cyanide  Industry.     (Le  Clerc.  ),                    Bvo,  4  00 

*  Walke*s  Lectures  on  Explosives. 8vo,  4  00 

Wilsonrs  Cyanide  Proccsses . . ........  umo,  1  50 

Chlorination  Proce&s umo,  t  50 

Hydraulic  and  Placer  Mining .    umo,  2  00 

Trealise  on  Practical  and  Tbeoretkal  Mine  Ventilation.  . .. fámo.  1  25 


SANITARY  SCIENCE, 


Hashore'*  SaniMtion  oř  a  Country  House, umo, 

Folwelťs  Sewerage.     ťDesigning,  Constmction,  and  Maíntenance.) Bvo, 

Water-supply  Engineeríng. .  .  Bvo, 

Fowler's  Sewage  Works  Analyse*.  .  .  .  . , um>, 

Fuertes*s  Water  and  Public  Health . . . i  amo, 

Waler-fi  Itration  Works. .  , , umo, 

Gerharďs  Guide  ío  Sanitary  House-lnspection , rámo, 

Goodrklťs  Economk  Disposal  of  Town's  Refuse Démy  8vo, 

Hazen"s  Filtrát  i  on  of  Public  Water-supplies 8vo, 

LeacVs  The  inspectíon  and  Analysis  of  Fo^l  with  Speciál  Reference  to  State 

Conlrol ....  .  .  . 8voř 

Mason*s  Water-supply,  (Considered  princi  pally  from  a  Sanitary  StandpolntJ  8vo, 

Examination  of  Water,     í  Chemical  and  Bacteriologícal. ) umo, 

Ogd«n*a  Sewer  Design.  . tamo, 

Prescott  and  Winslow*s  Elements  of  Water  Bactedology*  with  Speciál  Refer- 
ence to  Sanitary  Water  Analysis. umo. 

*  Ptke*s  Handbook  on  Sanitation.  .  . uma, 

Rkhards*s  Cost  of  Food.     A  Study  in  Dietaries.  , umo. 

Cost  of  Living  as  Mooified  by  Sanitary  Science. umo, 

Cost  of  Shelter                                                                                               umo, 
Rkhards  and  Woodman*s  Air,  Water%  and  Food  from  a  Sanitary  Stand- 
point. ...  , .  „ . . 8vo, 

*  Rkhards  and  Williams*s  The  Dietary  Computer 8vo. 

Rideaťs  Sewage  and  Baticrial  Purifkatíon  of  Sewage ,8vo, 

Turneaure  and  Russeirs  Public  Water-supplies.  ............  .8to. 

Von  Behnng's  Sunpre&sion  of  Tuberculosis.     (Bolduan. ) , umo, 

Whipple"s  Mk  rose  opy  of  Drinking-water.  .  .  . 8vo, 

Winton's  Mkroscopy  of  Vegetable  Foods. Bvo, 

Woodhulťs  Notes  on  Military  Hygieně. i6rno. 

*  Personál  Hygieně. umo, 


1 

orv 

a 

<"> 

4 

do 

2 

M 

1 

s<> 

2 

50 

i 

M 

3 

|Q 

3 

-»-j 

7 

So 

j 

00 

1 

2  5 

:■ 

r»o 

1 

2> 

l 

50 

i 

00 

l 

no 

I 

OO 

: 

-,f> 

i 

90 

3 

00 

1 

oo 

1 

<HV 

i 

--,0 

7 

90 

T 

90 

I 

00 

MISCELLANEOUS, 


De  rursac*s  Manuál  of  Psychiatry.     (Rotanoff  and  Collins.).  . ,    Large  umo,  2  50 

Ehrlkh's  Collected  Studies  on  Immunily  1  Bolduan^  8vo,  6  OO 

Emmons's  Geological  Guide-book  of  the  Rocky  Monntain  Excursíon  of  the 

International  Congress  of  Geologists .Large  Cvo,  l  50 

Ferrers  Popular  Treatise  on  the  Wlndi , 8vo,  4  00 

Hainesr9  American  Rallway  Management umo,  a  50 

Motťs  Fallacy  of  the  Present  Theory  of  Sound lómo,  t  00 

Ricketts"R  Historyof  Rcnsselaer  Polytechnk  Institute,  1 824-1 804.. Small  Bvo,  $  00 

Rostoskťs  Sérum  Díagnosis.     (Bolduan.  1 umo,  1  00 

Rotherhanťs  Emphasixed  New  Testament .Large  Bvo,  a  00 
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Steers  Trentist  on  the  Diaeasea  oř  the  Dog. . Bvo,  3  5* 

The  WorlďG  Columbian  L  iposition  of  1893 ato»  I  om 

Von  Behxing*s  Suppression  or  TuberculoaU.     (Bolduan.).  .  ,  umo,  1  00 

Winslow's  ELemenis  of  Applied  Microscopy ,  .  .  . umo,  1  $0 

Worcester  and  Atkinson.     Small  Hospilals,  E&tablishment  and  Biaintenance ; 

Sug£C5tions  for  Hospital  Architektuře :  Pian*  for  Small  HoapitaL  1  imo,  1  35 


HEBREW  AITD  CHALDEE  TEXT-BQ0KS. 

Greciťs  Eíeraentary  Hebrew  Grammar. ♦ .  iamo,  1  as 

Hebrew  Chrestomathy , .  .  .  , .   8to.  a  00 

GcaenWs  Hebrew  and  Chaldee  Lexicon  to  the  OM  Testament  Scriptures, 

(TregeUes. ) é  ..,.*. ■ .»«*«<  Small  4to,  halí  morocco,  s  00 

Letteris'6  Hebrew  Bible, .>.... Sto,  a  a$ 
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